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1. Introduction
This contribution is proposing test time reduction techniques using coarser TRP/TRS measurement grids and is a continuation of [1]. Typical FS and BHR antenna patterns for a smartphone UE below 3 GHz were presented together with recommended TRP/TRS measurement grids in [1] with a request to OEMs for typical antenna patterns above 3 GHz. This contribution presents updated measurement grid analyses based on antenna patterns for n78. 
We would like to acknowledge vivo for providing the simulation results [2] for sample antenna patterns ahead of the submission deadline.
We would like to acknowledge the Wireless Research Center of North Carolina (WRCNC) for their assistance in various aspects of this work.
2. Simulated Antenna Patterns
The screenshot of the simulation environment [2] is shown in Figure 1 while the simulated antenna patterns are presented for the free-space (FS) and Beside Head Right (BHR) configurations in Figure 2 and Figure 3, respectively. The analysed patterns have a 1° step size (Dq=Df=1°) for both the FS and BHR configurations and it was found that this very fine step size was necessary to accurately estimate the MUs. 
[image: ]
[bookmark: _Ref104369651]Figure 1: Illustration of the simulation model (provided by vivo).
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[bookmark: _Ref104370068]Figure 2: n78 Antenna Pattern for Free Space (FS) configuration.
[image: ][image: ]
[bookmark: _Ref118275268]Figure 3: n78 Antenna Pattern for Beside Head Right (BHR) configuration.
It would be desirable to analyse more antenna patterns in the 3 to 5 GHz range given the small sample size of patterns analysed. Simulated or measured patterns for bands >5GHz with very fine grids of Dq=Df=1° are preferred to finalize the measurement grid definitions unless the group agrees that these patterns are representative for operating bands above 3 GHz.
[bookmark: _Ref118701954]Proposal 1: Feedback from OEMs is requested whether the n78 patterns analysed here and presented in [2] are representative for UEs in scope of this WI [5] for 3-5 GHz and maybe even above 3 GHz. 
However, for now, it is proposed to consider these pattern shapes as representative patterns for UEs in scope of this WI [5] for operating bands between 3 GHz and 5 GHz.
[bookmark: _Ref115187576][bookmark: _Ref118278961]Proposal 2: Consider the pattern shapes presented in this contribution representative for UEs in scope of this WI [5] between 3 GHz and 5 GHz.


3. Overview of TRP/TRS Analyses
The analyses in this contribution are closely aligned with those presented in [1][3][6][8] for <6 GHz and in [9] for mm-wave TRP measurement grids. 
A total of 10,000 rotation angles were applied and analysed. In order to apply uniform rotation vectors to the antenna pattern, the rotation angle around the y axis needed to be scaled. The rotations around the z axis were therefore handled in a completely random fashion, e.g., 360*rand(10000,1), while the distribution of rotations around the z axis needed to be scaled by sin(). The histograms of these two rotation angles are illustrated in Figure 4, while the uniform rotation vectors are illustrated in 3D in Figure 5. 
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[bookmark: _Ref106886607]Figure 4: Histogram of random distribution around the z and y axes.
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[bookmark: _Ref106886618]Figure 5: Illustration of 10k random rotation vectors.


4. TRP/TRS Measurement Grid Analyses for Constant-Step Size Grids
Various constant-step size grids were analysed for two TRP quadratures, i.e., sin(theta), the legacy quadrature, and the Clenshaw-Curtis approach. Both are currently permissible for TRP/TRS testing [4]. The calculated standard deviations for both quadratures are tabulated in Table 1, while the mean errors are tabulated in Table 2. The last column in Table 1 includes an icon scale (Excel conditional formatting) with the following formatting
· green means the std. deviation is less than 0.05dB, i.e., that this grid could be used without any additional MU impact, e.g., the current TRP grid with Dq=Df=15° has no additional MU impact
· yellow means the std. deviation is between 0.05dB and 0.25dB, i.e., this grid could be used with a small impact in MU, e.g., the current TRS with Dq=Df=30° has an additional MU of 0.15dB, see Clause B.2.12 of [4]
· red means the std. deviation is beyond 0.25dB, i.e., these grids should not be considered any further. 

Clearly, the Clenshaw-Curtis quadrature has lower uncertainties compared to the sin(theta) quadrature for >3GHz as for <3GHz, especially for very coarse grids with just 14 grid points. It can also be observed that the BHR condition has higher uncertainties than the FS condition. 
[bookmark: _Ref115187574]Observation 1: For very coarse measurement grids, the Clenshaw-Curtis quadrature has lower uncertainties compared to the sin(theta) quadrature
The main conclusion from these results is very similar to those in [1] for <3 GHz, i.e., coarser grids than those currently specified for TRP/TRS testing are applicable with lower MUs. The results in Table 1 however show that the very coarse measurement grid with Dq=Df=60° (total of 14 grid points) exceeds the maximum targeted standard deviation of 0.25 dB.
[bookmark: _Ref115187575]Observation 2: A significant reduction of TRP/TRS grid points is possible with a small increase in MU.
Given the relatively large mean errors in Table 1 when utilizing the sin(theta) quadrature, only the Clenshaw-Curtis quadrature is applicable to the coarse measurement grids with measurement grids utilizing 62 grid points or less (already endorsed for <3GHz in [1]).
[bookmark: _Ref115187578]Proposal 3: For the coarse measurement grids utilizing 62 grid points or less, consider only the Clenshaw-Curtis quadrature.
[bookmark: _Ref106886915]Table 1: Standard deviations of TRPs after applying 10k rotations for various constant-step size measurement grids
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[bookmark: _Ref106886926][bookmark: _Ref113898613][bookmark: _Ref114081558]Table 2: Mean Errors of TRPs after applying 10k rotations for various constant-step size measurement grids
[image: ]
5. Proposed Minimum Number of Grid Points
The proposed minimum number of grid points for TRP/TRS testing above and below 3 GHz are summarized in Table 3. For now, it is proposed to pick the more conservative TRP/TRS measurement grids below 3 GHz for the first priority UE types defined in [5], i.e., handheld UEs, and consider the even coarser grids for other UE types, e.g., RedCap devices, eventually. 
[bookmark: _Ref114131785]Table 3: Proposed Minimum Number of Grid Points for TRP/TRS with constant-step size grids
	Frequency Range
	Test Metric
	Quadrature
	Dq [°]
	Min. Number of Grid Points
	Additional MU [dB]
	Fraction of Test Points 

	<3 GHz [1]
	TRP
	Clenshaw-Curtis
	30
	62
	0.00
	62/266 ~ 1/4.3

	
	TRS
	Clenshaw-Curtis
	45
	26
	0.08
	26/62 ~ 1/2.4 

	3 GHz – 5 GHz
	TRP (Note 1)
	Sin(theta)/ Clenshaw-Curtis
	15
	266
	0.00
	266/266 ~ 1

	
	TRP
	Clenshaw-Curtis
	30
	62
	0.07
	62/266 ~ 1/4.3

	
	TRS (Note 1)
	Clenshaw-Curtis
	30
	62
	0.07
	62/62 ~ 1

	
	TRS
	Clenshaw-Curtis
	45
	26
	0.21
	26/62 ~ 1/2.4 

	>5 GHz
	TRP
	FFS
	FFS
	FFS
	FFS
	FFS

	
	TRS
	FFS
	FFS
	FFS
	FFS
	FFS

	Note 1: The legacy grids are included here in case the increase in MU for the coarser grids cannot be supported. 


[bookmark: _Ref115187579]Proposal 4: Adopt the proposed constant-step size grids for TRP/TRS and additional MUs summarized in Table 3 for handheld UEs, first priority of [5].


6. Conclusion
The following observations and conclusions were made in this contribution. 
Observation 1: For very coarse measurement grids, the Clenshaw-Curtis quadrature has lower uncertainties compared to the sin(theta) quadrature
Observation 2: A significant reduction of TRP/TRS grid points is possible with a small increase in MU.
Proposal 1: Feedback from OEMs is requested whether the n78 patterns analysed here and presented in [2] are representative for UEs in scope of this WI [5] for 3-5 GHz and maybe even above 3 GHz.
Proposal 2: Consider the pattern shapes presented in this contribution representative for UEs in scope of this WI [5] between 3 GHz and 5 GHz.
Proposal 3: For the coarse measurement grids utilizing 62 grid points or less, consider only the Clenshaw-Curtis quadrature.
Proposal 4: Adopt the proposed constant-step size grids for TRP/TRS and additional MUs summarized in Table 3 for handheld UEs, first priority of [5].
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MAX (all 

Patterns)

5 5 2522 0.00 0.00 0.00

15 15 266 0.00 0.00 0.00

30 30 62 0.07 0.05 0.07

45 45 26 0.09 0.21 0.21

60 60 14 0.16 0.31 0.31

5 5 2522 0.00 0.00 0.00

15 15 266 0.00 0.01 0.01

30 30 62 0.07 0.07 0.07

45 45 26 0.10 0.31 0.31

60 60 14 0.23 0.41 0.41
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45 45 26 0.04 0.11 0.11
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