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Introduction
This contribution is a continuation of [1] based on additional typical antenna patterns. 
We would like to acknowledge the Wireless Research Center of North Carolina (WRC) for their assistance in various aspects of this work and the simulations of the smartphone antenna patterns.
[bookmark: _Ref31104997]Additional Antenna Patterns >3 GHz
Two typical antenna patterns beyond 3 GHz were originally introduced in [2], i.e., simulated n78 (3.5 GHz) patterns for a smartphone UE in the Free-Space (FS) and Beside Head Right (BHR) configurations. Five additional patterns, originally presented in [3], are proposed for consideration to augment the analyses from [1] for 4 – 6 GHz. All patterns were simulated for a typical smartphone UE in the free space configuration and exported with a 1-degree resolution in theta and phi, enclosed with this contribution.
The 3D antenna patterns of [2] are shown in Figure 1 while the 3D antenna patterns of [3] are shown in Figure 2 using a 30 dB dynamic range. 
[image: ] [image: ]
[bookmark: _Ref104370068]Figure 1: Simulated antenna patterns for n78 (3.5 GHz) [2], left: free space (FS), right: beside head right (BHR). 
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[bookmark: _Ref123814636]Figure 2: Simulated antenna patterns [3] for 4 GHz (top left), 4.5 GHz (top right), 5 GHz (middle left), 5.5 GHz (middle right), 6 GHz (bottom left).

In the simulations, the antenna was placed in the corner of a device with metallic ground plane.  The model is simplified and contains an LCD (glass), ground plane (PEC), camera block (PEC), opposing solid block and battery (PEC) and a plastic housing.  Dimensions of the device are 64 x 132 x 8mm.  The antenna element is approximately 3 mm from the ground and has reasonable matching between 4-6 GHz. The peak gain is between 4.6 and 5.6 dBi, but pattern shape varies between the various frequencies.
[image: ]
Figure 3: Illustration of the simulation model
[bookmark: _Ref126601217]Proposal 1: It is proposed to consider the antenna patterns in Figure 2 representative for UEs in scope of this WI for beyond 3 GHz and include them in the measurement grid analyses to determine suitable TRP grids.
TRP Measurement Grid Analyses for Constant-Step Size Grids
The analyses in this contribution are closely aligned with those presented earlier for <6 GHz [4] and in [5] for mm-wave TRP measurement grids. A total of 10,000 rotation angles were applied and analysed. 
Various constant-step size grids were analysed for two TRP quadratures, i.e., sin(theta), the legacy quadrature, and Clenshaw-Curtis; both are currently permissible for TRP/TRS testing [6]. The calculated standard deviations for both quadratures are tabulated in Table 1, while the mean errors are tabulated in Table 2. The last two columns in the standard deviation tables (the first being the maximum standard deviation of all patterns investigated, the second/last being the average of the 7 pattern) 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
· red means the std. deviation is beyond 0.25dB, i.e., these grids should not be considered any further. 
The last two columns in the mean error tables includes formatting where grids that yield a mean error of 0.10 dB or greater are highlighted in red; those measurement grids with a red highlight should be avoided unless a new MU element is introduced, or the mean error somehow is included in the existing MU element.
The Clenshaw-Curtis quadrature has lower uncertainties compared to the sin(theta) quadrature which have unacceptable mean errors for coarser grids.
[bookmark: _Ref123900159]Proposal 2: Limit the TRP quadrature to Clenshaw-Curtis for constant-step size grids above 3 GHz and for simplicity below 3 GHz as well.
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[bookmark: _Ref106886915]Table 1: Standard deviations of TRPs after applying 10k rotations for various constant-step size measurement grids
[bookmark: _Ref106886926][bookmark: _Ref113898613][image: ]
[bookmark: _Ref114081558]Table 2: Mean Errors of TRPs after applying 10k rotations for various constant-step size measurement grids
[image: ]
An additional analysis was performed where the 10k TRP errors for each of the 7 patterns were pooled/aggregated into a single dataset; from this dataset, an aggregate standard deviation and mean error was then determined and added in the last column of Table 1 and Table 2, respectively. The histograms of the aggregated TRP errors are shown in Figure 4 for the various grids investigated. It can be observed that the aggregate metrics of standard deviation and mean error are closely aligned with the those of the averages from the 7 different patterns investigated. It is proposed to consider the aggregate metrics from all considered antenna patterns for measurement grid MU purposes going forward.
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[bookmark: _Ref125708116]Figure 4: Aggregated TRP errors for the constant-step size grids.
[bookmark: _Ref126606190][bookmark: _Ref125712260][bookmark: _Ref125107428]Proposal 3: Consider the aggregate metrics (standard deviation and mean error) from all considered antenna patterns for measurement grid MU purposes going forward 
Another set of analyses was performed for the constant-step size grids where the EIRP at the pole of q = 180° was either set to a very small number/null (due to a potential blockage due to the positioner /pedestal), extrapolated from the second to last cut (mean of all EIRPs), or extrapolated from two neighbouring points 15° off the pole, i.e., EIRP(q=165°, f=0°) and EIRP(q=165°, f=180°). Those results for the standard deviations and the mean errors summarized in Table 3 and Table 4, respectively. From the standard deviations in Table 3 it can be observed that the impact of how the EIRP at  q = 180° is treated has little effect for measurement grids as coarse as 26 grid points while a small increase in standard uncertainty can be seen for the coarsest grid with 14 points regardless of whether the final grid point does not yield a reasonable measurement or whether it is extrapolated from the second to last cut. The mean errors in Table 4 show that the averaging of the pole from the 2nd to last cut or the extrapolation of the two point 15° off the pole yield very good agreement with the previous simulations that assume the grid point at the pole can be measured without any obstruction/blockage. When the pole point is not measured and considered to be a deep null, unacceptable mean errors are observed for very coarse grids. 
[bookmark: _Ref126601218][bookmark: _Hlk126655186]Proposal 4: When the back pole at q = 180° cannot be measured due to obstruction and/or blocking, extrapolation using at least two points within 15° of the pole shall be applied to estimate EIRP/EIS at q = 180° for measurement grids with Dq=Df=45° 
The main conclusion from these results is that for above 3 GHz, the MU for the coarse patterns adopted in [4] for below 3GHz are applicable with relaxed MU. A comparison of the standard deviations and mean errors for below and above 3 GHz is shown in Table 3 and Table 4, respectively.
[bookmark: _Ref123821907]Table 3: Comparison of aggregate standard deviations of TRPs for various constant-step size measurement grids below and above 3 GHz.
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[bookmark: _Ref123821909]

Table 4: Comparison of aggregate mean errors of TRPs for various constant-step size measurement grids below and above 3 GHz.
[image: ]
It is proposed to adopt the measurement grids for TRP and TRS for smartphone/tablet UEs beyond 3 GHz as tabulated in Table 5. Given the proposed aggregate metric to determine MU, Proposal 3, it is proposed to revise measurement grids for TRP and TRS for smartphone/tablet UEs below 3 GHz compared to [4] as outlined in in Table 5.
[bookmark: _Ref114131785]Table 5: Proposed Minimum Number of Grid Points for TRP/TRS with constant-step size grids
	Test Metric
	Frequency Range
	Quadrature
	Dq= Df [°]
	Min. Number of Grid Points (Note 1)
	Additional MU [dB]
	Fraction of Test Points 

	TRP
	< 3GHz
	Clenshaw-Curtis
	30
	~62
	0
	62/266 ~ 1/4.3

	TRS
	
	
	45
	~26
	0.04
	26/62 ~ 1/2.4 

	TRP (Note 2)
	> 3GHz
	Clenshaw-Curtis
	15
	~266
	0
	266/266 ~ 1

	TRP (Note 2)
	
	
	30
	~62
	0.11
	62/266 ~ 1/4.3

	TRS
	
	
	45
	~26
	0.23
	26/62 ~ 1/2.4 

	Note 1: The exact number of grid points depends on how the back pole EIRP(q=180°)/EIS(q=180°) is approximated due to obstruction and/or blocking
Note 2: Either TRP measurement grid can be used for certification. The coarser grid can only be applied if lab has margin in their assessed MU compared to the maximum limits.


[bookmark: _Ref125712261][bookmark: _Ref123900158]Proposal 5: For above 3 GHz, adopt the listed measurement grids in Table 5 for smartphones/tablets.
[bookmark: _Ref126606577]Proposal 6: For below 3 GHz, adopt the listed measurement grids in Table 5 for smartphones/tablets.
Conclusion
The following observations and conclusions were made in this contribution. 
Proposal 1: It is proposed to consider the antenna patterns in Figure 2 representative for UEs in scope of this WI for beyond 3 GHz and include them in the measurement grid analyses to determine suitable TRP grids.
Proposal 2: Limit the TRP quadrature to Clenshaw-Curtis for constant-step size grids above 3 GHz and for simplicity below 3 GHz as well.
Proposal 3: Consider the aggregate metrics (standard deviation and mean error) from all considered antenna patterns for measurement grid MU purposes going forward
Proposal 4: When the back pole at q = 180° cannot be measured due to obstruction and/or blocking, extrapolation using at least two points within 15° of the pole shall be applied to estimate EIRP/EIS at q = 180° for measurement grids with Dq=Df=45°
Proposal 5: For above 3 GHz, adopt the listed measurement grids in Table 5 for smartphones/tablets.
Proposal 6: For below 3 GHz, adopt the listed measurement grids in Table 5 for smartphones/tablets.
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