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1 Background
At its latest meeting of RAN4 in October 2018, it is decided to consider time consuming aspect of the measurement grids as stipulated in [1]. The result of this study will significantly impact on the FR2 markets which have started already and on the future work of the specification in RAN5, and thus should be analysed based on the practical experience of the measurement. In this regard, the way forward was approved in RAN4#88-Bis which also encourages companies to submit their simulation results based on different MUs, approaches and the other assumptions that need to be changed for the final decision [2].
In order to complete the long study in this meeting, we would like to show the results of our efforts to optimize the measurement points for reasonable testing time of the market, and to propose the best option for the EIRP spherical coverage measurement grid based on the analysis.
2 Simulation results
2.1 Factors affecting EIRP measurement points
Factors affecting the measurement of EIRP spherical coverage requirements are reminded for the correct analysis as summarized below. Some of the parameters are noted in [2] as simulation assumptions.
· No. of grid points
· Grid type, i.e. constant step and constant density
· Coordinate system / DUT orientation (for limited no. of grid points)
· Beamforming / Beam shape (for limited no. of grid points)
· Size of antenna array / Beamwidth (for limited no. of grid points)
[bookmark: _GoBack]Since RAN4 will only define the minimum number of grid points, and note the assumptions of the antenna array and MU of absolute Tx power beam peak measurement in TR 38.810, this paper would focus on the reasonable MUs and add the size of antenna array to compare, i.e., 4x1 patch antenna, which was the baseline of FR2 power class discussion in RAN4 [3] and will be adopted for the real-product of PC3 UEs for many years to come as well. While increasing the MU and beamwidth, we also take into account the estimated test time which is the main purpose of this agenda item. 
2.2 EIRP deviation (MU) vs. Number of measurement points (Resolution)
Tables and Figures in this section show our simulation results of the standard and maximum EIRP deviation for constant step and constant density measurement grids with different numbers of measurement points and different antenna arrays to capture the practical PC3 UEs as mentioned in the previous section.  As noted in [2], 50%-tile of EIRP CDF is captured to cover the EIRP spherical coverage of PC3. 
Table 1: Simulated EIRP deviations based on 4x1 antenna array at 50%-tile CDF
	
	Constant step (dB)
	Constant density (dB)

	Points
	Resolution
(deg)
	Standard deviation
	Max deviation
	Standard deviation
	Max deviation

	2664
	5
	0.2
	0.3
	0.1
	0.1

	684
	10
	0.3
	0.6
	0.1
	0.1

	312
	15
	0.5
	1.0
	0.1
	0.3

	84
	30
	1.0
	2.3
	0.4
	0.8


Table 2: Simulated EIRP deviations based on 8x2 antenna array at 50%-tile CDF
	
	Constant step (dB)
	Constant density (dB)

	Points
	Resolution
(deg)
	Standard deviation
	Max deviation
	Standard deviation
	Max deviation

	2664
	5
	0.1
	0.2
	0.1
	0.1

	684
	10
	0.4
	1.0
	0.2
	0.4

	312
	15
	0.7
	1.5
	0.4
	0.8

	84
	30
	1.6
	5.0
	0.7
	1.5


Several observations can be made by comparing the results.
Observation 1: Using 312 grid points (15 degree resolution) for 4x1 antenna array measurement, maximum deviation of 1.0 dB for constant step and 0.3 dB for constant density can be guaranteed. However, for 8x2 antenna array 1.5 dB for constant step and 0.8 dB for constant density can be guaranteed in terms of maximum deviation.
Observation 2: Using 684 grid points (10 degree resolution) for 4x1 antenna array measurement, maximum deviation of 0.6 dB for constant step and 0.1 dB for constant density can be guaranteed. However, for 8x2 antenna array 1.0 dB for constant step and 0.4 dB for constant density can be guaranteed in terms of maximum deviation.
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Figure 1: Number of measurement points vs. Max deviation for 4x1 antenna array
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Figure 2: Number of measurement points vs. Max deviation for 8x2 antenna array
If the MU is defined as the maximum deviation shown in the figures above, our suggestion for the MU which has the options up to 1.5 dB is [2]:
Proposal 1: Both constant step and constant density approaches should be considered under MU of less than 1.0 dB.
2.3 Measurement time vs. Number of measurement points (Resolution)
Although seeking higher accuracy in measurement has a value but it is of very high importance to consider and estimate the practical measurement times. Therefore, a measurement grid with reasonable accuracy and shorter measurement time can be a way to finalize the TR. We would like to share our experience in the timing aspect based on the practical device for the different resolutions.
Table 3: Estimated measurement time for different resolutions
	Resolution (deg.)
	Time (sec) per 
1 Beam
	Time per 
100 Beams

	5
	11875
	330 hrs (13.75 days)

	10
	3090
	86 hrs (3.5 days)

	15
	1486
	42 hrs (1.75 days)

	30
	400
	12hrs (0.5 days)

	Note: After every 4 hrs of measurement time, 1 hr of battery charging time is required. 
         This additional time required is not included in the table above.


Observation 3: A resolution of 15 degrees (312 grid points) is reasonable grid for PC3 UE, and it is the feasible way for the real FR2 market in terms of the measurement time.
Observation 4: Depending on the beamwidth and approach, a resolution of 10 degrees (684 grid points) is also reasonable.
2.4 Optimum measurement grids
Therefore, based on the observations analysed in the previous sections, our proposals for finalizing the remaining measurement procedure of EIRP requirements are:
Proposal 2: Minimum number of grid points for PC3 EIRP spherical coverage test should be 684 using constant step approach or 312 using constant density approach under assumption of 4x1 antenna array. 
3 Conclusion
In this contribution, we provide our view on EIRP measurement grids for spherical coverage of PC3 UE given the consideration of the EIRP deviation and measurement time to meet the FR2 market on time. Four observations are summarized as below. 
Observation 1: Using 312 grid points (15 degree resolution) for 4x1 antenna array measurement, maximum deviation of 1.0 dB for constant step and 0.3 dB for constant density can be guaranteed. However, for 8x2 antenna array 1.5 dB for constant step and 0.8 dB for constant density can be guaranteed in terms of maximum deviation.
Observation 2: Using 684 grid points (10 degree resolution) for 4x1 antenna array measurement, maximum deviation of 0.6 dB for constant step and 0.1 dB for constant density can be guaranteed. However, for 8x2 antenna array 1.0 dB for constant step and 0.4 dB for constant density can be guaranteed in terms of maximum deviation.
Observation 3: A resolution of 15 degrees (312 grid points) is reasonable grid for PC3 UE, and it is the feasible way for the real FR2 market in terms of the measurement time.
Observation 4: Depending on the beamwidth and approach, a resolution of 10 degrees (684 grid points) is also reasonable.
Based on the above observations, we would like to propose: 
Proposal 1: Both constant step and constant density approaches should be considered under MU of less than 1.0 dB.
Proposal 2: Minimum number of grid points for PC3 EIRP spherical coverage test should be 684 using constant step approach or 312 using constant density approach under assumption of 4x1 antenna array.
4 Reference
[1] 	R4-1812672, “Consideration of test time for EIRP measurements,” Samsung, RAN4 #88-Bis, Oct 2018
[2]	R4-1814310, “Way Forward on Measurement Grids for Beam Peak Search & Spherical Coverage,” Keysight et al., RAN4 #88-Bis, Oct 2018
[3] R4-1714445, “WF on pi/2 BPSK spectrum shaping and power class in FR2,” Intel et al., RAN4 #85, Nov 2017 
image2.tif
Max. Deviation (dB)

45

35

25

15

05

@@= Constant Step @ Constant Density

500

1000 1500 2000
No. of grid points

2500

3000




image1.tif
Max. Deviation (dB)

45

35

25

15

05

@@= Constant Step @ Constant Density

500

1000 1500 2000
No. of grid points

2500

3000




