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[bookmark: OLE_LINK4]1	Introduction
[bookmark: OLE_LINK15]Recently, techniques to reduce test time using a coarser TRP/TRS measurement grid are being discussed. Typical FS and BHR antenna patterns for a smartphone UE below and above 3GHz were presented in [1,2], and the impact of s coarser measurement grids on the measurement uncertainty of TRP/TIS testing is analysed based on this [1,3].
Given the small sample size of patterns analysed, more antenna patterns in the 3 to 6 range are encouraged [4]. In this contribution, the analysis of the measurement grid configurations under FS condition is carried out based on the radiation pattern of a high-band WiFi antenna (5500 MHz) for a smartphone with a resolution of Δθ = Δ = 1° provided in [5].
[bookmark: OLE_LINK3]2	Discussion
2.1 	Simulation analysis on measurement grids configurations
Since the number of sampling grids is not infinite, when the relative orientation between the DUT and the measurement grid changes, the TRP/TIS measurement results will deviate accordingly. Generally, more dense measurement grid is required when the antenna pattern angle varies in a wide range. This is to obtain enough samples to accurately reconstruct the radiation pattern when the DUT is in different orientations to ensure that the MU is within the allowed range.
For 5G commercial UEs, the deployment of antenna modules does vary from UE to UE. However, the differences in radiation behavior between different UEs are not significant because the application scenarios and conditions of smartphones are almost the same.
Accordingly, for >5 GHz, radiation pattern of a high-band WiFi antenna (5500 MHz) from a smartphone is provided in FS condition, which can provide relatively wider variations over angles to ensure that the analysis and relevant conclusions are applicable to all cases [5]. Fig1(a) illustrates the reference antenna pattern and Fig 1(b) displays the layout of the simulated smartphone.



(a)                                              (b)
Fig. 1. Illustration of reference antenna patterns: (a)normalized antenna patterns for WiFi at 5500 MHz in FS condition (b) layout of the simulated smartphone.
The relative orientation between the reference pattern and the measurement grid was altered randomly, and a total of 10,000 rotation angles were applied and analyzed. The standard deviation (STD) of TRP values were derived from a set of 10 000 random orientations. The conclusion of quantitative influence of grid configuration on TRP test accuracy is also applicable to TRS testing.
Based on settings above, the measurement grids were analyzed for various constant-step size ate 5.5GHz with reduced resolution under FS condition. The specific STDs are listed in Table I.
Table 1. STDs of TRPs after applying 10k rotations for various constant-step size measurement grids (Clenshaw-Curtis)
	Grid Configurations
	STDs
	Grid Configurations
	STDs

	Δθ
	Δ
	Total Number
	WiFi FS 5500
	Δθ
	Δ
	Total Number
	WiFi FS 5500

	=10o
	=10o
	614
	0.0025
	=36o
	=45o
	34
	0.1289

	=15o
	=15o
	266
	0.0038
	
	=51.4o
	30
	0.1625

	
	=30o
	134
	0.0533
	
	=60o
	26
	0.2177

	=30o
	=15o
	122
	0.0481
	=45 o
	=15o
	74
	0.1708

	
	=30o
	62
	0.0750
	
	=30
	38
	0.1790

	
	=36o
	52
	0.0716
	
	=36o
	32
	0.1841

	
	=40o
	47
	0.0878
	
	=40o
	29
	0.1961

	
	=45o
	42
	0.1124
	
	=45o
	26
	0.2082

	
	=51.4o
	37
	0.1440
	
	=51.4o
	23
	0.2188

	
	=60o
	32
	0.2069
	
	=60o
	20
	0.2672

	=36o
	=15o
	98
	0.0690
	=60 o
	=15o
	50
	0.3423

	
	=30o
	50
	0.0934
	
	=30
	26
	0.3528

	
	=36o
	42
	0.0893
	
	=45o
	18
	0.3624

	
	=40o
	38
	0.1040
	
	=60o
	14
	0.4318


It’s observed that grid configurations with a more uniform distribution (where the values of Δθ and Δ are closer) may have a smaller STD even with fewer points. For example, the 45°/15° (Δθ/Δ) grid configuration with 74 grid points has a STD of 0.1708, which is almost twice as large as the 36°/36° (42 grid points, STD = 0.0893) grid configuration shown in Table 1.
Observation 1: Grid configurations with a more uniform distribution (where the values of Δθ and Δ are closer) may have a smaller STD even with fewer points.
Based on the recommended standard of STD not exceeding 0.25 dB, the number of grid points for TIS/TRP testing at >5 GHz can be reduced to a maximum of 45°/45° (26 grid points). If a measurement grid of 30°/30° (62 measurement points) is used, the currently defined MU only needs to be relaxed by 0.075. Considering that the total test time is proportional to the total number of grid points used, the test time can be greatly reduced. However, Table 1 also show that the very coarse measurement grid with (Dq=45°, Df=60°) and Dq =60° exceeds the maximum targeted STD of 0.25 dB.
Observation 2: For >5GHz, coarser grids than those currently specified for TRP/TRS testing (15°/15° for TRP, 30°/30° for TRS) can be allowed to achieve significant test time reduction with a small increase in MU.
This observation is also aligned with the findings obtained in [1] for <3 GHz, and [3] for 3-5GHz. In particular, it can be seen that despite the use of different reference antenna patterns, the simulation results for >5GHz in this contribution are highly consistent with the STD values presented in [3] for 3-5GHz frequency range.
Observation 3: The simulation STDs for >5GHz are highly consistent with the STD values obtained for 3-5GHz frequency range.
2.2 TRP measurement results for various grid configurations
In addition to simulation analysis, TRP measurement of seven commercial smartphones using a standard 15° spacing grid were performed for verification. The standard setup and procedures of [6] were utilized during the TRP testing. TRP for various grid configurations can be achieved by eliminating the EIRP values of unwanted grid points from the calculation. The TRP with the 15°/15° resolution is used as the reference, which was considered accurate so that the uncertainty (delta in TRPs) for different configurations can be calculated. The comparison between measured and simulated STDs is shown in Table 2 and Fig 2.
Table 2. Comparison between measurement and simulated STDs
	Grids (deg)
	Measured STDs (FS)
WiFi 5500
	Simulated STD

	
	DUT 1
	DUT 2
	DUT 3
	DUT 4
	DUT 5
	DUT 6
	DUT 7
	

	15/15
	0
	0
	0
	0
	0
	0
	0
	0.0038

	30/30
	0.0084
	0.0773
	0.0969
	0.0223
	0.2607
	0.154
	0.0743
	0.0750

	45/45
	0.2296
	0.1681
	0.1159
	0.1355
	0.0914
	0.1347
	0.2769
	0.2082

	60/60
	0.3913
	0.3528
	0.2162
	0.4577
	0.8286
	0.0721
	0.0662
	0.4318


[image: ]
Fig. 1. Comparison between measurement and simulated STDs
Good overall agreement between simulated STDs and measurement results can be observed in Table 2, the discrepancies between the measured and simulated STDs are within 0.07 dB, excluding individual extreme samples (DUT5). These discrepancies are considered to be very small.
Observation 4: Good overall agreement between simulated STDs and measurement results can be observed in Table 2, which validates the proposed simulation results and observation 2.
On the one hand, the test results come from a small number of samples instead of statistical results similar to simulations that are obtained from a large number of samples, so individual differences in the samples can affect the final deviation scale. On the other hand, the output power of the UEs (i.e., EIRP) can vary by up to about 0.5 dB (or potentially more) over the course of the TRP measurement, resulting in a consequent change in the obtained patterns. This is not an error in the measurement or simulation, but rather a DUT related variation during the measurement and is therefore difficult to avoid. This does cause issues with accuracy and could increase the variation in measured TRPs (weighted sum of EIRPs), and eventually enlarge the discrepancies between the simulated and measured MUs to some extent.
Proposal 1: The minimum measurement grid points proposed in [4] is also applicable to frequency range above 5GHz.
3	Conclusion
This contribution makes the following observations and proposals.
Observation 1: Grid configurations with a more uniform distribution (where the values of Δθ and Δ are closer) may have a smaller STD even with fewer points.
Observation 2: For >5GHz, coarser grids than those currently specified for TRP/TRS testing (15°/15° for TRP, 30°/30° for TRS) can be allowed to achieve significant test time reduction with a small increase in MU.
Observation 3: The simulation STDs for >5GHz are highly consistent with the STD values obtained for 3-5GHz frequency range.
Observation 4: Good overall agreement between simulated STDs and measurement results can be observed in Table 2, which validates the proposed simulation results and observation 2.
Proposal 1: The minimum measurement grid points proposed in [4] is also applicable to frequency range above 5GHz.
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