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Introduction
This contribution compares empirical data [1][2][3] for coarse measurement grid MUs endorsed [4]/approved [5] in RAN5 earlier for [6] and proposes compromise MU values based on the worst case MU from the empirical and simulated MUs. 
Discussion
Coarser TRP/TRS measurement grids previously endorsed in RAN4#104bis-e [7][8] back in November 2022
	Issue 4-2-2: Reduced measurement grid for TRP TRS OTA
Agreements:
· Proposal 1: Consider the pattern shapes presented in R4-2215539 representative for UEs in scope of Rel-18 FR1 TRP TRS WI below 3 GHz. 
· Proposal 2: Decide whether the presented patterns are representative for UEs in scope of the WI for above 3 GHz or whether new patterns need to be considered, e.g., OEMs to provide measurements or simulations of antenna patterns with very fine grids.
· Proposal 3: For coarse measurement grids utilizing 62 grid points or less, e.g., ==45° with 26 grid points or ==60° with 14 grid points, consider only the Clenshaw-Curtis quadrature.
· Proposal 4: Adopt the proposed constant-step size grids for TRP/TRS summarized in Table 6 for handheld UEs, first priority of Rel-18 FR1 TRP TRS, and consider even coarser grids for other UE types, e.g., RedCap devices.
· [bookmark: _Ref114131785]Table 6: Proposed Minimum Number of Grid Points for TRP/TRS with constant-step size grids
	Test Metric
	Quadrature
	 [°]
	Min. Number of Grid Points
	Additional MU [dB]
	Fraction of Test Points 

	TRP
	Sin(theta) & Clenshaw-Curtis
	30
	62
	0
	62/266 ~ 1/4.3

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





Augmented measurement grids were subsequently endorsed in RAN4#106 [9][10] in March 2023
	Issue 3-1-4: Measurement grids for TRP and TRS
Agreements:
· The table below is agreed for TRP and TRS measurement. 
· Table 1: Proposed Minimum Number of Grid Points for TRP/TRS with constant-step size grids
	Test Metric
	Frequency Range
	Quadrature
	[°]
	Min. Number of Grid Points (Note 1)
	Additional MU [dB]
	Fraction of Test Points 

	TRP
	< 3GHz
	sin()
	15
	266
	0
	266/266 = 1

	TRS
	
	
	30
	62
	0.04
	62/62 = 1

	TRP
	
	Clenshaw-Curtis
	15
	266
	0
	266/266 = 1

	TRS
	
	
	30
	62
	0
	62/62 = 1

	TRP
	
	
	30
	62
	0
	62/266 ~ 1/4.3

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

	TRP
	> 3GHz
	sin()
	15
	266
	0
	266/266 = 1

	TRS
	
	
	30
	62
	0.11
	62/62 = 1

	TRP
	
	Clenshaw-Curtis
	15
	266
	0
	266/266 = 1

	TRS
	
	
	30
	62
	0.11
	62/62 = 1

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

	TRS (Note 2)
	
	
	45
	~26
	0.23
	26/62 ~ 1/2.4 

	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 (if adopt coarser measurement grid) shall not be larger than the maximum MU limits.



· The MU value in the table is concluded in RAN4. Detail aspects for MU can be further discussed in RAN5. 


These grids were subsequently endorsed in RAN5 [4] in May 2023
	R5-233678	Test Time Reduction using Coarser TRP/TRS Measurement Grids for above and below 3 GHz
					Type: discussion		For: Endorsement
					Source: Keysight Technologies UK Ltd, CAICT
(Replaces R5-232635)
Discussion: 
"Revised from: R5-232635r2.
noted proposal 1 - 6 endorsed"
Decision: 		The document was noted.
Proposal 1: For above 3 GHz, adopt the measurement grids and MUs (standard deviation) in [12] from Table 10 for smartphones/tablets.
Proposal 2: For below 3 GHz, adopt the measurement grids and MUs (standard deviation) in [12] from Table 10 for smartphones/tablets.
Proposal 3: Labs are free to select any of the measurement grids in Table 10 for testing.
Proposal 4: Treat the mean errors for TRP/TRS in Table 10 as systematic uncertainty and revise the MU tables in Table A.4.3.1-2 for TRP and in Table A.4.4.1-2 for TRS [12] accordingly
Proposal 5: Define the Maximum Test System Uncertainty (MTSU) based on the coarsest measurement grids for TRP/TRS from Table 10 using the Clenshaw-Curtis quadrature, i.e., TRP MTSU based on an MU of 0.16dB (mean error: 0dB) and TRS MTSU based on an MU of 0.23dB (mean error: 0.08dB).
Proposal 6: RAN5 to extend the applicability the new, coarse measurement grids to legacy OTA testing once the TRP measurement grids for FR1 are finalized
Table 10: Proposed Minimum Number of Grid Points for TRP/TRS with constant-step size grids
	Test Metric
	Frequency Range
	Quadrature
	[°]
	[°]
	Min. Number of Grid Points 
	Std. Uncertainty [dB]
	|Mean Error| [dB]

	TRP
	< 3GHz
	sin()
	15
	15
	266
	0
	0

	TRS
	
	
	30
	30
	62
	0.04
	0.09

	TRP
	
	Clenshaw-Curtis
	15
	15
	266
	0
	0

	TRP/TRS
	
	
	30
	30
	62
	0
	0

	TRP/TRS
	
	
	30
	45
	42
	0.03
	0

	TRS
	
	
	30
	60
	32
	0.05
	0

	TRS
	
	
	45
	45
	26
	0.05
	0

	TRP
	> 3GHz
	sin()
	15
	15
	266
	0
	0.03

	TRS
	
	
	30
	30
	62
	0.11
	0.11

	TRP
	
	Clenshaw-Curtis
	15
	15
	266
	0
	0

	TRP/TRS
	
	
	30
	30
	62
	0.11
	0

	TRP/TRS
	
	
	30
	45
	42
	0.16
	0

	TRS
	
	
	30
	60
	32
	0.21
	0

	TRS (Note 1)
	
	
	45
	45
	~26
	0.23
	0.08

	Note: Unless specified otherwise, if the back pole EIRP(=180°)/EIS(=180°) cannot be measured due to obstruction and/or blockage, it shall be extrapolated using the average of all EIRPs/EISs from the last cut.
Note 1: The exact number of grid points depends on whether the back pole EIRP(=180°)/EIS(=180°) must be extrapolated due to obstruction and/or blocking. If extrapolation is required, the back pole shall be the average of at least two neighbouring test points at q=165°. 





before they were approved in [5] for TS38.561 [6] in the last RAN5#100 meeting. An editor’s note was captured based on feedback that empirical data should be provided to confirm these measurement grids.  
	A.4.2.12	Coarse sampling grid
Editor’s Note: Further analyses of measurement grids and impact on measurement uncertainty based on empirical data are pending. 


In [1][2][3], empirical data was presented for smartphone UEs evaluated with the baseline/legacy Dq=Df=15° measurement grids and the impact on MU was evaluated when the measurement grid was relaxed to coarser TRP measurement grids with step sizes of Dq and Df being a multiple of 15°. In other words, the Dq=Df=15° measurements were used to evaluate the MUs for coarser grids by post-processing instead of measuring the same UE multiple times with different grids which would introduce additional uncertainties. Only the most relevant information will be repeated and summarised here. 
The empirical evaluations are for a wide range of frequencies: 2.7 GHz [2], 3.5 GHz, [3], and 5.9 GHz [1] and covered a statistically significant dataset; the number of UEs and evaluated talk conditions are shown in Table 1. 
[bookmark: _Ref149232119]Table 1: Summary of UEs and talk conditions evaluated empirically
	Frequency [GHz]
	Number of UEs (Talk Condition)

	2.7
	62 (Hand Left)
56 (Free Space)

	3.5
	52 (Hand Left)
50 (Free Space)

	5.9
	39 (Hand Left)
39 (Free Space)


[bookmark: _Ref149232691]Observation 1: A statistically significant set of empirical data (with almost 300 reference measurements) is used to validate the TRP/TRS measurement grid MUs. 
The TRP/TRS measurement grids evaluated are illustrated in the following figures. Figure 1 shows the legacy TRP measurement grid with Dq=Df=15°; the coordinate of each grid point is highlighted with the red box. The measurements at the poles are typically performed only once, i.e., the total number of grid points for this grid is 266. In all measurements presented here, the bottom pole at q=180° was skipped due to blocking by the positioner/pedestal. 
The legacy TIS measurement grid with Dq=Df=30° is shown in Figure 2  while the grids presented and endorsed in [4] are illustrated in Figure 3 through Figure 6. 
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[bookmark: _Ref149228417]Figure 1: Illustration of the legacy Dq=Df=15° TRP grid (baseline/reference).
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[bookmark: _Ref149229041]Figure 2: Illustration of the legacy Dq=Df=30° TRP/TRS grid.
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[bookmark: _Ref149232498]Figure 3: Illustration of the Dq=15° & Df=30° TRP/TRS grid.
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Figure 4: Illustration of the Dq=30° & Df=45° TRS grid.
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[bookmark: _Ref149229138]Figure 5: Illustration of the Dq=30° & Df=60° TRS grid.
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[bookmark: _Ref149229135]Figure 6: Illustration of the Dq=Df=45° TRS grid.

The standard deviations of the various grids from the UE measurements are summarized in Table 2. It should be noted that the MUs in Table 2 are just for the Clenshaw-Curtis TRP quadrature. 
[bookmark: _Ref149230187]Table 2: Standard deviations (average of FS and HL results) from the empirical measurements
	TRP/TRS Grid
	Unique Number of Grid Points
	Standard Deviations [dB]

	Dq [°]
	Df [°]
	
	2.7 GHz
	3.5 GHz
	5.9

	15
	15
	266
	0
	0
	0

	15
	30
	134
	0.01
	0.04
	0.02

	30
	30
	62
	0.05
	0.08
	0.10

	30
	45
	42
	0.08
	0.10
	0.12

	30
	60
	32
	0.11
	0.13
	0.18

	45
	45
	26
	0.14
	0.14
	0.19


The empirical standard deviations/MUs are then compared with the MUs endorsed in [4] and the legacy grid MUs in Table 3.
[bookmark: _Ref149230378]Table 3: Comparison of empirical standard deviations with previously endorsed/approved MUs
	TRP/TRS Grid
	Unique Number of Grid Points
	<3 GHz Std. Deviation
	>3 GHz Std. Deviation

	Dq [°]
	Df [°]
	
	Legacy MU
	Simulated/ Endorsed [4]
	Empirical
	Legacy MU
	Simulated/ Endorsed
	Empirical

	15
	15
	266
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	15
	30
	134
	
	
	0.01
	
	
	0.04

	30
	30
	62
	0.15
	0.00
	0.05
	0.15
	0.11
	0.10

	30
	45
	42
	
	0.03
	0.08
	
	0.16
	0.12

	30
	60
	32
	
	0.05
	0.11
	
	0.21
	0.18

	45
	45
	26
	
	0.05
	0.14
	
	0.23
	0.19



Clearly, the simulated and previously endorsed MUs closely match the empirical MUs while small differences can be observed for <3 GHz. 
[bookmark: _Ref149231913]Observation 2: The simulated and previously endorsed MUs closely match the empirical MUs while small differences can be observed for <3 GHz.
As a compromise, it is suggested to adjust the MUs in [6] based on the findings in this contribution and consider an MU that is the maximum value of either the empirical values presented in this contribution or simulated MUs [4]. Thus, it is proposed to incorporate the measurement grids and standard deviations/MUs from Table 4 in [6].
[bookmark: _Ref149231678]Table 4: Proposed Compromise (worst case of simulation and empirical) TRP/TRS Measurement Grids for [6]
	TRP/TRS Grid
	Unique Number of Grid Points
	Proposed MUs for [6] 

	Dq [°]
	Df [°]
	
	<3 GHz
	>3 GHz

	15
	15
	266
	0.00
	0.00

	15
	30
	134
	0.01
	0.04

	30
	30
	62
	0.05
	0.11

	30
	45
	42
	0.08
	0.16

	30
	60
	32
	0.11
	0.21

	45
	45
	26
	0.14
	0.23


[bookmark: _Ref149231914]Proposal 1: Incorporate the measurement grids and standard deviations/MUs in Table 4 in [6]
Conclusion
The following observations and proposals were made in this contribution.
Observation 1: A statistically significant set of empirical data (with almost 300 reference measurements) is used to validate the TRP/TRS measurement grid MUs.
Observation 2: The simulated and previously endorsed MUs closely match the empirical MUs while small differences can be observed for <3 GHz.
Proposal 1: Incorporate the measurement grids and standard deviations/MUs in Table 4 in [6]
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