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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]As previously demonstrated from both simulations and measurements in [1] and [2] respectively sufficient measurement accuracy can be obtained for TRP measurements of NR >6 GHz UE:s at spatial sampling grids of 10-15° or more for different linear antenna arrays of up to 8 elements (at 28 GHz). It´s desirable to keep the number of sampling points low to gain on testing time.
[bookmark: _Ref473660868][bookmark: _Ref473660708][bookmark: OLE_LINK6][bookmark: OLE_LINK7]For EiRP measurements however one would expect a narrower sampling grid be required and is due to the (narrow) shape of the beam and to more accurately determine coverage performance. Below some simulation results are presented for different array cases and at different grid sizes, 1°, 5°, 10°, 20° and 30°. 

2.  Test cases
Three different patch array configurations on a smartphone size chassis are analysed; 1) single element, 2) 4x1 element array and 3) 2x2 element array. For cases 2) and 3) also the total scanned patterns, the integrated beams scanned over 5 directions are captured, this to reflect active mode. 
We present beam spatial coverage performance CDF´s of EiRP for the different sampling grid sizes.
We have here applied sinϴ weighting factors to compensate for the angular uniform grid error caused at the poles collecting many more samples than at around the equator for our CDF´s for simplicity. In the practical case one would prefer to apply a spatial uniform grid by for example scanning the measurement probe along an equidistant shaped track spherically around the DUT. This would reduce the number of testpoints by approximately 33%. 






3.  Results
1)   Single patch antenna element:
[image: ][image: ][image: ]
Figure 1. 2D representation of radiation pattern for single patch at 1° and 30° respectively.
[image: ]
Figure 2. Beam spatial coverage rate CDF for single element at different sampling grids.
2)   4x1 element array:
[image: ][image: ][image: ]
Figure 3. 2D representation of radiation pattern for the 4x1 element array at 1° and 30° resp.

[image: ]
Figure 4. Beam spatial coverage rate CDF for the 4x1 element array at different sampling grids.
3)   2x2 element array:
[image: ][image: ][image: ]
Figure 5. 2D representation of radiation pattern for the 2x2 element array at 1°and 30° resp.
[image: ]
Figure 6. Beam spatial coverage rate CDF for the 2x2 element array at different sampling grids.
4)   Total scanned pattern for the 4x1 element array:
[image: ][image: ]
[bookmark: _GoBack]Figure 7. 2D representation of the 5 beam total scanned radiation pattern for the 4x1 element array at 1° and 30°respectively.

[image: ]
Figure 8. Beam spatial coverage rate CDF for the 5 beam total scanned pattern for the 4x1 element array at different sampling grids.
5)   Total scanned pattern for the 2x2 element array:
[image: ][image: ]
Figure 9. 2D representation of the 5 beam total scanned radiation pattern for the 2x2 element array at 1° and 30°respectively.
[image: ]
Figure 10. Beam spatial coverage rate CDF for the 5 beam total scanned pattern for the 2x2 element array at different sampling grids.
Beamwidths:
It was observed from the simulator tool (CST + Matlab, 2D pattern cuts, not shown in this document) the 3 dB beamwidths for the single patch element to be: 76°, for the 4x1 element array: 23°/83° and for the 2x2 element array: 45°.
_______________________________________________________________________________
4.  Observations
1.	From the CDF´s at near the peak EiRP area, at 90 percentile coverage point, the sampling grid is quite insensitive, even 30° grid size offers good accuracy. 
2.	The CDF´s reveal however sampling grids becomes more critical when trying to determine coverage performance, at for example 20 percentile area point. The recommended grid ought not to exceed 5-10° for the evaluated static beam cases.
3.	Selecting a 20 percentile CDF threshold criteria offers much less spread or uncertainty in EiRP than at 10 percentile, which can allow for a larger grid.
4.	Depending on antenna type, number of elements and array configurations one might suggest the sampling grid not to exceed ¼ of its 3 dB beamwidth.
5.	For the UE active mode however, illustrated above in the total scanned patterns CDF´s, EiRP at the 20 percentile point can be accurately measured with a larger grid size, up to at least 20°.



References
[1]	R4-1703704, #82bis, Sony Mobile, On TRP measurements spatial resolution for UE´s >6GHz.

[2]	R4-1705819, #83, MVG Industries, Sony Mobile, On TRP measurement sampling grid at >6GHz.

[3]   R4-176764, NR#2, Huawei, HiSilicon, Requirements definition for CDF test approach.
Page 6
image3.png




image4.png
09—

07

04

02

—_—1
10
15

—_—

-40

30

EIRP (dBm)

10

20

30

40

50




image5.png




image6.png




image7.png
40

EIRP (dBm)

50




image8.png




image9.png




image10.png
08—

06—

04~

02

—1
—10
——15
—2
—3%

40

30

EIRP (dBm)

10

2

0

40

50




image11.png




image12.png




image13.png
—1
5

10
20
30
——60
—

40




image14.png




image15.png
5

10




image16.png
CDF

09

08

07k

05

04

01

|

—1
—s

—— 10
—20
— 30
—— 60

15
EIRP (dBm)

20

2

3

35

40




image1.png
50

100

150





image2.png
100

150

50

100

150

200

250

300

350




