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1. Introduction
This TP incorporates test reduction aspects using coarse measurement grids into [1] based on contributions on measurement grids below 3 GHz [2][3] and beyond 3 GHz [3] while taking all meeting agreements from the last WF [4] into account.  
Proposal 1: Approve the TP on test reductions with coarse measurement grids into account. 
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[bookmark: tsgNames][bookmark: startOfAnnexes][bookmark: _Toc129284732]5	Performance metrics 
[bookmark: _Toc129284733]5.1	Definition of the Total Radiated Power (TRP)

[bookmark: _Toc129284734]5.1.1	Definition of the Total Radiated Power (TRP) for AC  
Transmitter power measurements shall be performed using the Total Radiated Power (TRP) as the measurement metric. This clause defines the definition of TRP value of NR FR1 DUT for Anechoic Chamber (AC) method. 
The TRP with Anechoic Chamber method is defined as:
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]			(5.1)
Where the effective isotropic radiated power (EIRP) is defined as
	              	  (5.2)
Where  is the product of the power delivered to the antenna and the antenna’s power gain.
Where EIRPθ and EIRPϕ are the EIRP in the corresponding θ and ϕ polarizations.
The summation form based on the sin weights of TRP with Anechoic Chamber method is defined as:
	      	      (5.3)
Where N and M are the number of sampling intervals for θ and ϕ. θn and ϕm are the measurement angles.
The summation form based on the Clenshaw-Curtis quadrature integral approximation of TRP with Anechoic Chamber method is defined as:
	            	(5.4)
Where the value of W(θn) follows Table 5.1.1-1can be calculated as follows:.
		(5.5)

with

and

The applicability of TRP quadratures, frequency ranges, and measurement grids is tabulated in Table 5.1.1-1.
Table 5.1.1-1: Applicability for TRP measurement grids
	Frequency Range
	Quadrature
	[°]
	N
	M
	Min. Number of Grid Points

	< 3GHz
	sin(q)
	15
	12
	24
	266

	
	
	30
	6
	12
	62

	
	Clenshaw-Curtis
	15
	12
	24
	266

	
	
	30
	6
	12
	62

	> 3GHz
	sin(q)
	15
	12
	24
	266

	
	
	30
	6
	12
	62

	
	Clenshaw-Curtis
	15
	12
	24
	266

	
	
	30
	6
	12
	62




Table 5.1.1-1 Weights for Clenshaw-Curtis Quadrature with 15o
	Clenshaw-Curtis

	 [deg]
	Weights

	0
	0.007

	15
	0.0661

	30
	0.1315

	45
	0.1848

	60
	0.227

	75
	0.2527

	90
	0.262

	105
	0.2527

	120
	0.227

	135
	0.1848

	150
	0.1315

	165
	0.0661

	180
	0.007
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[bookmark: _Toc129284736]5.2	Definition of Total Radiated Sensitivity (TRS)

[bookmark: _Toc129284737]5.2.1	Definition of the Total Radiated Sensitivity (TRS) for AC  
Receiver sensitivity measurements shall be performed using data throughput as the measurement metric. The DUT’s receiver sensitivity corresponds to the minimum downlink signal power required to provide a data throughput rate greater than or equal to 95% of the maximum throughput of the reference measurement channel (RMC).
This definition will be used to calculate the Total Radiated Sensitivity (TRS) value of NR FR1 DUT. 
The TRS with Anechoic Chamber method is defined as:
	     	   (5.56)
Where the effective isotropic sensitivity (EIS) is defined as the minimum power level at which the throughput exceeds or equal to 95% of the maximum throughput of the specified RMC, at each sampling point.
Where EISθ and EISϕ are the EIS in the corresponding θ and ϕ polarizations.
The summation form based on the sin weights of TRS with Anechoic Chamber method defined as: 
	                 	 (5.67)
Where N and M are the number of sampling intervals for θ and ϕ. θn and ϕm are the measurement angles.
The summation form based on the Clenshaw-Curtis quadrature integral approximation of TRS with Anechoic Chamber method is defined as:
	                  	(5.78)
Where the value of W(θn) follows Table 5.2.1-1Equation 5.5.
Table 5.2.1-1 Weights for Clenshaw-Curtis Quadrature with 30o
	Clenshaw-Curtis

	 [deg]
	Weights

	0
	0.007

	30
	0.1315

	60
	0.227

	90
	0.262

	120
	0.227

	150
	0.1315

	180
	0.007


 The applicability of TRP quadratures, frequency ranges, and measurement grids is tabulated in Table 5.2.1-1.
Table 5.2.1-1: Applicability for TRS measurement grids
	Frequency Range
	Quadrature
	[°]
	N
	M
	Min. Number of Grid Points

	< 3GHz
	sin(q)
	30
	6
	12
	62

	
	Clenshaw-Curtis
	30
	6
	12
	62

	
	
	45
	4
	8
	26

	> 3GHz
	sin(q)
	30
	6
	12
	62

	
	Clenshaw-Curtis
	30
	6
	12
	62

	
	
	45
	4
	8
	26 (Note 1)

	Note 1: 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 are applied to estimate EIRP/EIS at q = 180° for measurement grids with Dq=Df=45°
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[bookmark: _Toc129284802]9	Testing time reduction methodologies
[bookmark: _Toc129284803]9.1	General
<Editor’s note: Alternate test procedure/ test methods to reduce the testing time, or new measurement grid. >
[bookmark: _Toc129284804]9.2	Alternative mMeasurement grids for Anechoic Chamber method 
<Editor’s note: Alternate measurement grid to reduce the testing time, including analysis and outcome >
The measurement grid simulations relied on representative antenna patterns for smartphone UEs. 
For below 3 GHz, the device simulated is a flip-phone with dual-band GSM antenna and a separate Bluetooth antenna and is shown in Figure 9.2-1 in the BHR configuration. The simulation model for the phone includes many actual components, e.g., LCD, battery, buttons, speaker, vibration motor, shields, hinge, etc. It should be noted that the coordinate system in this simulation is not aligned with the coordinate systems for smartphone UEs in free-space and/or BH configurations, specifically Clause 6. However, given the nature of the simulation analyses, this misalignment is irrelevant.
[image: ][image: ]
[image: ]
Figure 9.2-1: Illustration of the antennas integrated inside the DUT mounted (GSM antenna on the top left, Bluetooth antenna on the top right, coordinate system bottom). 
The simulations for the free-space configuration use the same coordinate system as shown in Figure 9.2-1 with the phantom completely removed from the simulation setup. 
The normalized BHR patterns are shown in Figure 9.2-2 through 9.2-4 for the GSM antenna at 824 MHz and 1800 MHz and for the Bluetooth antenna at 2450 MHz, respectively. Each pattern is normalized to its respective peak, i.e., the pattern is shown with a 15dB dynamic range with a peak value of 0dB. 
[image: ][image: ]
Figure 9.2-2: Normalized antenna patterns for GSM antenna at 824 MHz in BHR configuration. TRP of normalized pattern of -3.5 dB.
[image: ][image: ]
Figure 9.2-3: Normalized antenna patterns for GSM antenna at 1800 MHz in BHR configuration. TRP of normalized pattern of -4.2 dB.
[image: ][image: ]
Figure 9.2-4: Normalized antenna patterns for Bluetooth antenna at 2450 MHz in BHR configuration. TRP of normalized pattern of -6.5 dB.
The normalized FS patterns are shown in Figure 9.2-5 through 9.2-7 for the GSM antenna at 824 MHz and 1800 MHz and for the Bluetooth antenna at 2450 MHz, respectively. 
[image: ][image: ]
Figure 9.2-5: Normalized antenna patterns for GSM antenna at 824 MHz in FS configuration. TRP of normalized pattern of -3.1 dB. 
[image: ][image: ]
Figure 9.2-6: Normalized antenna patterns for GSM antenna at 1800 MHz in FS configuration. TRP of normalized pattern of -4.7 dB.
[image: ][image: ]
Figure 9.2-7: Normalized antenna patterns for Bluetooth antenna at 2450 MHz in FS configuration. TRP of normalized pattern of -4.3 dB.
For beyond 3 GHz, two sets of simulation results were utilized. The first set of results were for a smartphone UE in the FS and the BHR condition, illustrated in Figure 9.2-8.
[image: ]
Figure 9.2-8: Illustration of the simulation model for n78 patterns
The 3D antenna patterns in Figure 9.2-9 using a 30 dB dynamic range. 
[image: ] [image: ]
Figure 9.2-9: Simulated antenna patterns for n78 (3.5 GHz). Left: free space (FS), right: beside head right (BHR) 
The second set of patterns are from a smartphone prototype with the antenna 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 mm x 132 mm x 8 mm.  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 9.2-10: Illustration of the simulation model for 4-6 GHz
The corresponding antenna patterns are illustrated in Figure 9.2-11.
[image: ][image: ][image: ][image: ][image: ]
Figure 9.2-11 Simulated antenna patterns for 4 GHz (top left), 4.5 GHz (top right), 5 GHz (middle left), 5.5 GHz (middle right), 6 GHz (bottom left).
The analyses in this contribution are closely aligned with those presented in [19]. The steps followed for the analyses are outlined and visualized in Table 9.2-1.
For the TRP analyses, 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 9.2-12, while the uniform rotation vectors are illustrated in 3D in Figure 9.2-13. 
[image: ]
Figure 9.2-12: Histogram of random distribution around the z and y axes.
[image: ]
Figure 9.2-13: Illustration of 10k random rotation vectors.
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Table 9.2-1: Overview of the various steps for the TRP measurement grid analyses including overview for sample constant-step size measurement grids and pattern.
	[bookmark: _Hlk106812898]Steps
	Dq=Df=1° (Reference)
	Dq=Df=15°
	Dq=Df=45°

	Step 1: Import the reference pattern with very fine discretization of Dq=Df=1°. 
	[image: ]

	Step 2: Determine the reference TRP based on the fine grid pattern
	

	Step 3: Apply 10k random rotation angles to the y axis followed by the z axis to the fine pattern 
	Plot of the discretized pattern (without rotation)
[image: ]
	Plot of the discretized pattern (without rotation)
[image: ]
	Plot of the discretized pattern (without rotation)
[image: ]

	Step 4: Discretize the rotated fine pattern to the coarse grid with Dq, Df for the constant-step size grids or N grid points for the constant-density grid
	
	
	

	Step 5: Calculate the TRP based on the selected quadrature
	[image: ]
	[image: ]
	[image: ]

	Step 6: Calculate the standard deviation of the 10k different TRPs and the mean error from the reference TRP
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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. The calculated standard deviations and mean errors for both quadratures are tabulated in Table 9.2.-2 for below 3 GHz and in Table 9.2-3 for beyond 3 GHz. The last column includes a background colour with the following formatting
· No coloured background means the std. deviation is less than 0.05dB, i.e., that this grid could be used without any 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 mean error column includes similar formatting where grids that yield an absolute value mean error between 0.05 and 0.25 dB are highlighted in yellow. These measurement grids might require a new MU element, or the mean error is included in the TIS calculation somehow. Grids with a red highlight have an absolute value of the mean error of greater than 0.25 dB and should be avoided.
Clearly, the Clenshaw-Curtis quadrature has lower uncertainties compared to the sin(theta) quadrature, especially for very coarse grids. 
Table 9.2-2: Standard deviations and mean errors of TRPs after applying 10k rotations for various constant-step size measurement grids for below 3 GHz
	Constant Step-Size Grid
	Standard Deviation [dB]
	Mean Error [dB]

	Dq=Df [°]
	# of unique points
	Quadrature
	Aggregate (pooling all Patterns)
	Aggregate (pooling all Patterns)

	1
	64442
	Clenshaw-Curtis
	0.00
	0.00

	5
	2522
	
	0.00
	0.00

	10
	614
	
	0.00
	0.00

	15
	266
	
	0.00
	0.00

	30
	62
	
	0.01
	0.00

	45
	26
	
	0.05
	-0.01

	60
	14
	
	0.11
	-0.01

	1
	64442
	sin(theta)
	0.00
	0.00

	5
	2522
	
	0.00
	0.00

	10
	614
	
	0.00
	-0.01

	15
	266
	
	0.01
	-0.02

	30
	62
	
	0.04
	-0.09

	45
	26
	
	0.11
	-0.21

	60
	14
	
	0.26
	-0.38



Table 9.2-3: Standard deviations and mean errors of TRPs after applying 10k rotations for various constant-step size measurement grids for beyond 3 GHz
	Constant Step-Size Grid
	Standard Deviation [dB]
	Mean Error [dB]

	Dq=Df [°]
	# of unique points
	Quadrature
	Aggregate (pooling all Patterns)
	Aggregate (pooling all Patterns)

	1 
	64442
	Clenshaw-Curtis
	0.00
	0.00

	5
	2522
	
	0.00
	0.00

	15
	266
	
	0.00
	0.00

	30
	62
	
	0.11
	-0.01

	45
	26
	
	0.22
	-0.09

	60
	14
	
	0.34
	0.05

	1
	64442
	sin(theta)
	0.00
	0.00

	5
	2522
	
	0.00
	0.00

	15
	266
	
	0.01
	-0.03

	30
	62
	
	0.11
	-0.11

	45
	26
	
	0.27
	-0.33

	60
	14
	
	0.43
	-0.37


Another important set of analyses was performed for the constant-step size grids beyond 3 GHz 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 9.2-4 and 9.2-5, respectively. From the standard deviations in 9.2-4, 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. When the pole point is not measured and considered to be a deep null, unacceptable mean errors are observed for very coarse grids. The mean errors in Table 9.2-5 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. Those two approaches are illustrated in Figure 9.2-14 for a measurement grid using the Dq=Df=45° grid where the grid point at q=180° (shown in blue) is extrapolated either using 8 existing measurements at q=135° (shown in red) on the left or with two new grid points at q=165° (shown in red) on the right. Clearly, the extrapolation of the pole at  q=180° using closer, neighbouring grid points is better than using grid points 45° away; this will become even more important and relevant if more directive patterns, e.g., using laptops or FWAs, are considered in the future. The advantage of the more accurate extrapolation approach becomes even more evident when considering the coarsest measurement grid presented here, i.e., Dq=Df=60°, which could be considered for IoT or RedCap devices in the future. The extrapolation approach of the grid point at q=180° that relies on two close neighbours at  q=165° is considered necessary for above 3 GHz TRP measurement grids for the most accurate extrapolation and lowest MUs. 
[image: A picture containing indoor, accessory

Description automatically generated][image: Chart
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Figure 9.2-14: Illustration of extrapolation approaches for the Dq=Df=45° grid
Table 9.2-4: Standard deviations for various constant-step size measurement grids and different extrapolation approaches for beyond 3 GHz; results for Clenshaw-Curtis quadrature only
	Constant Step-Size Grid
	Standard Deviation [dB]

	Dq=Df [°]
	# of unique points
	Aggregate 
(pooling all Patterns)
180° is measured
	Aggregate 
(pooling all Patterns)
180° is not measured
	Aggregate 
(pooling all Patterns)
180° is averaged from previous cut
	Aggregate 
(pooling all Patterns)
180° is extrapolated from two 165° measurements

	1
	64442
	0.00
	0.00
	0.00
	0.00

	5
	2522
	0.00
	0.00
	0.00
	0.00

	15
	266
	0.00
	0.01
	0.00
	0.00

	30
	62
	0.11
	0.12
	0.11
	0.11

	45
	26
	0.22
	0.27
	0.25
	0.23

	60
	14
	0.33
	0.41
	0.38
	0.33


Table 9.2-5: Mean errors for various constant-step size measurement grids and different extrapolation approaches for beyond 3 GHz; results for Clenshaw-Curtis quadrature only
	Constant Step-Size Grid
	Mean Error (TRP-TRPref) [dB]

	Dq=Df [°]
	# of unique points
	Aggregate 
(pooling all Patterns)
180° is measured
	Aggregate 
(pooling all Patterns)
180° is not measured
	Aggregate 
(pooling all Patterns)
180° is averaged from previous cut
	Aggregate 
(pooling all Patterns)
180° is extrapolated from two 165° measurements

	1
	64442
	0.00
	0.00
	0.00
	0.00

	5
	2522
	0.00
	0.00
	0.00
	0.00

	15
	266
	0.00
	-0.01
	0.00
	0.00

	30
	62
	-0.01
	-0.06
	-0.01
	-0.01

	45
	26
	-0.09
	-0.21
	-0.08
	-0.08

	60
	14
	0.05
	-0.15
	0.08
	0.07



[bookmark: _Toc516760293][bookmark: _Toc68601423][bookmark: _Toc97741400][bookmark: _Toc106114481][bookmark: _Toc114134441][bookmark: _Toc129284849]The treatment of mean errors in the MU budget is FFS and will be finalized in RAN5, e.g., whether to consider these mean errors as a systematic uncertainty as it is currently done for FR2, i.e., the ‘Systematic error due to TRP calculation/quadrature’ MU element, specifically B.2.1.24 of [20].
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B.2.12	Coarse sampling grid
This contributor describes the uncertainty of the measured TRP/TRS value due to the finite number of measurement grid points. Decreasing of sampling density to finite number of samples affects the measurement uncertainty by two different errors. First is due to inadequate number of samples and second is a systematic discrimination approximation error in TRP and TRS equations. Different TRP quadratures also have an effect on the MU.  
The grid options for TRP/TRS with associated MUs for constant-step size grids are summarized in Table B.2.12-1. 
Figure B.2.12-1 shows simulated sampling grid errors for typical 3G UE. Approximation error is not included. Simulations are based on thin plate surface interpolation of real radiation patterns, measured beside a phantom head.
[image: ]
Figure B.2.12-1: Simulated TPR/TRS error as a function of sampling grid

The offset of systematic approximation error can be expressed by using formula

where
[bookmark: _Hlk95395139] is number of angular intervals in elevation,
 is elevation.
[image: ]
Figure B.2.12-2: Approximation error of TRP/TRS

The 15 sampling grid used in TRP measurements has been shown to introduce only very small differences as compared to the results obtained with denser grids, so with that sampling grid the uncertainty contribution can assumed negligible.
When using sample step size of 15 - 30, standard uncertainty of 0.15dB can be assumed to cover errors. If step size >30 is used, larger uncertainty should be considered.
Table B.2.12-1: Grid Options for TRP/TRS with constant-step size grids
	Test Metric
	Frequency Range
	Quadrature
	[°]
	Min. Number of Grid Points (Note 1)
	Std. Uncertainty [dB]
	Mean Error (Note 3) [dB]

	TRP
	< 3GHz
	sin()
	15
	266
	0
	0

	TRS
	
	
	30
	62
	0.04
	0

	TRP
	
	Clenshaw-Curtis
	15
	266
	0
	0

	TRS
	
	
	30
	62
	0
	0

	TRP
	
	
	30
	62
	0
	0

	TRS
	
	
	45
	26
	0.04
	0

	TRP
	> 3GHz
	sin()
	15
	266
	0
	0

	TRS
	
	
	30
	62
	0.11
	0

	TRP
	
	Clenshaw-Curtis
	15
	266
	0
	0

	TRS (Note 2)
	
	
	30
	62
	0.11
	0

	TRP
	
	
	30
	62
	0.11
	0

	TRS (Note 2)
	
	
	45
	~26
	0.23
	-0.08

	Note 1: The exact number of grid points depends on how the back pole EIRP(=180°)/EIS(=180°) is approximated due to obstruction and/or blocking
Note 2: The overall MU shall not be larger than the maximum MU limits if the coarsest measurement grid is adopted
Note 3: The inclusion of the mean error into the MU template/budget is FFS
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