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1. Introduction

In RAN4 98e, WF [1] agrees to further investigate the low UL power test case. This contribution highlights the possibility to determine device antenna positions using a commercially available scanning method. Once antenna positions are found with or without declarations from manufacturers, white box testing could be used as a default with the aim to reduce uplink pathloss. 
Black box vs white box test approaches have been discussed before [2, 3, 4]. However in view of the uplink pathloss issue, it may be worthwhile to revisit the topic.
2. Discussion
One of the methods used in EM (Electromagnetic) exposure compliance tests to measure power density at frequency range above 10 GHz is to scan a device at very close range (e.g. a few millimetres) using a probe with a positioning accuracy of a fraction of a millimetre. 
The above method could be used to determine the positions of millimetre wave antennas due to the fact that the field just above an antenna correlates well with the antenna location. 
This can be illustrated by simulation results of a 4x1 patch antenna array radiating at 28 GHz. The patch antenna array with polarisations in X- and Y- directions is placed at Z=0 mm in X-Y plane with its broadside radiation along Z-axis. A layer of lossy dielectric slab of 1mm in thickness with a relative permittivity of 4.8 is placed at Z=1mm to emulate device cover. This leaves an air gap of 1mm between the dielectric slab and the patch antenna array. The above setup should be sufficient to represent typical device configurations albeit the patch antenna array is not placed in any packaging. Only one polarisation is used in the simulation.
Two beam directions are simulated, one at 0 degree, i.e. along broadside, the other at 30 degrees relative to the broadside as shown in Figure 1a and 1b, respectively, to study the effect of DL beam error or misalignment on the field close to antenna surface.
[image: image1.png]dBi

10
7.81
5.58
3.35

1.12
-2.52
-7.56

|
o
5}
o

i
N
N
Ll




             [image: image2.png]dBi
11.7
9.61
7.48
5.34
3.2
1.07
-2.57
Phi -7.71
-12.8
-18
-23.1
-26.3





Figure 1a Far field pattern for 0 degree scan                          Figure 1b Far field pattern for 30 degree scan
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Figure 2a Radiated power at Z=0.5mm for 0 degree scan    Figure 2b Radiated power at Z=0.5mm for 30 degree scan
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Figure 3a Radiated power at Z=3mm for 0 degree scan     Figure 3b Radiated power at Z=3mm for 30 degree scan

The graph area in both Figure 2 and 3 is 5mm by 24mm. The power distributions shown in Figure 3 is 1mm above the antenna cover and could represent the scan results from EM exposure equipment. A comparison of Figure 2 and 3 show a good correlation between them, meaning that the antenna locations or occupied area in X-Y plane could be determined within a few millimetres. The antenna position in Z- direction would be within a few millimetres from its cover because antenna arrays are typically placed above other components inside a device. 
The similarity between Figure 3a and 3b indicates that uplink beam direction does not significantly impact near field distribution, especially for the purpose of antenna location determination.

Similar scans could be performed to locate antenna arrays embedded in bezel [5, 6] for endfire radiation.
Observation 1: the field or power distribution close to device surface could be used to determine antenna locations within a few millimetres.
Patch array antennas are normally placed on dielectric substrate with relative permittivity ranging from 2 to 4 and individual antenna elements are commonly half wavelength resonant structures. With half wavelength spacing between antenna elements, size of Nx1 patch arrays would be D = (N-1) x 0.5 x 0.5 x / sqrt(r), where is wavelength in free space and r is relative permittivity. 
If antennas could be located with an accuracy of a few millimetres, its contribution to measurement uncertainty would be small. Table 1 gives a few examples of far field distance with r =2.5. Repositioning is needed if a white box test approach is taken.
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array size (cm) 2.3 1.9 1.4 1.1

FF dist (cm) 8.2 7.1 5.1 4.1

array size (cm) 4.8 4.1 2.9 2.4

FF dist (cm) 36.4 31.2 22.4 18.2

frequency GHz

4x1

8x1


Table 1  Far field distances
Observation 2: the far field distances for various frequencies seem to be acceptable compared to those in Table 6 of [7].
Proposal: further study on this approach may be worth pursuing.

The far field distances for 4x1 arrays are reasonable compared with other approaches, given that initial commercial devices supporting FR2 would likely use 4x1 arrays.
3. Conclusions
Observation 1: the field or power distribution close to device surface could be used to determine antenna locations within a few millimetres.

Observation 2: the far field distances for various frequencies seem to be acceptable compared to those in Table 6 of [7].

Proposal: further study on this approach may be worth pursuing.
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