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1 UE RF Measurement Grids
1.1 Summary of contributions and proposals

	Measurement grid

	R4-1807480
	Further Results for in-band TRP uncertainty versus sampling grid – Uniform Constant step measurement grid
	MVG Industries
	7.13
	available

	R4-1806126
	On TRP Measurement Grids for mm-wave
	ROHDE & SCHWARZ
	7.13.1
	available

	R4-1806127
	On Beam Peak Search Measurement Grids for mm-wave
	ROHDE & SCHWARZ
	7.13.1
	available

	R4-1806379
	TRP Measurement grid and MU for mmWave UE
	Anritsu Corporation
	7.13.1
	available

	R4-1807884
	Supplement to “On TRP Measurement Grids for mm-wave”
	Keysight Technologies
	7.13.1
	available


	Company
	Views

	Measurement grids

	MVG

(R4-1807480)
	Observation 1: Number of orientations doesn’t affect the TRP statistics. 

Proposal 2: Number of orientations= 360/[sampling grid step [deg]/2]

Observation 1: If full sphere radiation pattern is sampled properly: i.e 10deg for our antenna array types, TRP statistics are the same no matter to where the beam is pointing. 

Proposal 1: TRP uncertainty shall be computed without pointing the beam towards a specific direction. Random full sphere can be used for estimating the MU.

Observation 3: in order to have maximum TRP uncertainty equals to 0.25dB, the minimum number of points is 648 -> sampling grid step=10deg

Proposal 3: Minimum number of points for constant step grid shall be 648 which corresponds to a step of 10deg on azimuth and elevation.

	R&S

(R4-1806126)
	Proposal 1: The maximum step size of a constant step size measurement grid for TRP measurements in order to yield a TRP standard deviation smaller than 0.25 dB is 15 degrees (i.e. 264 measurement points).

Proposal 2: In order to reduce the TRP offset for constant step size measurement grids, the beam peak needs to be oriented to a measurement point on the equator (unless a correction is identified for the TRP mean error caused by the sin(theta) term in the TRP equation for the constant step size grid).
Proposal 3: The minimum number of measurement points of a constant density measurement grid for TRP measurements in order to yield a TRP standard deviation smaller than 0.25 dB is 140 measurement points.

	R&S

(R4-1806127)
	Observation 1: Constant step size measurement grids with a total number of 10224 measurement points produce a maximum EIRP deviation of below 0.5 dB between the beam peak and the 4 closest neighbouring measurement points. This equals a step size of 2.5 degrees.

Observation 2: Constant density measurement grids with 7080 measurement points produce a maximum EIRP deviation of below 0.5 dB between the beam peak and the 6 closest neighbouring measurement points.

Proposal 1: Constant step size measurement grids for beam peak search measurements require a minimum of 10224 measurement points (i.e. a maximum step size of 2.5 degrees) in order to yield a maximum EIRP deviation of 0.5 dB between the beam peak and the 4 closest neighbouring measurement points. This deviation is applicable if the beam peak is oriented to a measurement point on the equator.

Proposal 2: Constant density measurement grids for beam peak search measurements require a minimum of 7080 measurement points in order to yield a maximum EIRP deviation of 0.5 dB between the beam peak and the 6 closest neighbouring measurement points.

	Anritsu

(R4-1806379)
	Observation 1: To achieve the standard deviation below 0.25 dB from an average error for TRP measurement, constant step size needs at least 15 degrees grid spacing and 266 grid points. And 140 points for the constant density.

Observation 2: Mean TRP error should also be taken into account when deriving measurement uncertainty for grid types.

Proposal 1: For TRP measurement of mmWave UE, take account of following minimum grid points and measurement uncertainties for each of measurement grid type.

	Keysight

(R4-1807884)
	Proposal: The requirement of uniform grid sampling to orient beam peak at the equator is removed from TRP measurement and calculation should based on our demonstrated alternative numerical integration algorithm, having improved mean and standard deviation for a given sample size.


1.2 Discussion

Topic #1: Requirement to orient beam peak towards equator

Regarding the requirement to align the beam peak towards the equator, the BS community had a similar observation in the last meeting and showed this meeting that an FFT-based integration method can reduce the offset similar to Keysight’s (R4-1807884) contribution
	Company
	Views

	Measurement grids

	Ericsson

(R4-1807482)
	Observation 1: Using [image: image2.png]sin 0



 weights in the integration can lead to numerical errors which can be avoided by choosing a proper integration method.
Observation 2: The [image: image4.png]sin 0



 integration error is larger when the peak is directed towards the poles of the measurement grid.
Conclusion: Using proper integration method can improve the accuracy of the TRP measurement. By using an FFT-based method, the TRP measurement becomes independent of the peak direction, and angular steps up to the reference angular step can be used to reduce the measurement time. However, if the [image: image6.png]sin 0



 integration is to be used, care must be taken not to point the peak towards the poles of the measurement grid as this will lead to larger errors.


Agreements: 
· The requirement of uniform grid sampling to orient the beam peak towards the equator is removed from TRP measurement and calculation with

· an integration based method to calculate TRP. The traditional TRP equation for constant step size measurement grids (using the sin  term) needs to be updated in TR38.810 or
· a finer resolution TRP measurement grid and the use of the classical sin  equation for TRP (in 38.810).

Topic #2: Min. Number of Measurement Points for TRP
	Company (Contribution)
	Used [8x2] antenna array?
	Offset taken into account?
	Constant Step Size TRP Grid: 
Min. Number of Points/angular step size
	Constant Density TRP Grid: Min. Number of Points

	R&S

(R4-1806126)
	yes
	no
	264 (15deg)
	140
Comment: measurement point not aligned with beam peak

	MVG

(R4-1807480)
	no
	yes
	648 (10deg)
Comment: includes mean error
	N/A

	Anritsu

(R4-1806126)
	yes
	Yes, but separately
	266 (15deg)
Comment: 2 panels assumed
	140
Comment: 2 panels assumed; measurement point not aligned with beam peak

	Anritsu

(revised R4-1806126)
	Yes
	Yes, but separately
	266 (15deg) 
Comment: corrected assumptions
	140
Comment: corrected assumptions; measurement point not aligned with beam peak


Observation (based on KS contribution): The difference in standard deviation between the integral-based approach and the classical sin(theta) approach is very small. 
Agreement: Since the min. number of measurements points for the TRP grid based on the integral approach could be smaller than based on the sin(theta) approach, use square brackets for the min. number of measurement points for the constant step size grid using the inte

Agreement: 

· for both measurement grids (constant step size and constant density), agree on a maximum standard deviation of 0.25dB in the MU budget
· Min. number of measurement points for TRP measurement grid using constant step size approach for non sparse antenna arrays:

· 264 measurement points (15deg step size) with the TX beam peak oriented in any direction. An additional mean error of 0.34dB in the MU budget needs to be taken into account if TRP is calculated using the classical TRP equation with the sin(theta) term
· 648 measurement points (10deg step size) with the TX beam peak oriented in any direction. No additional mean error needs to be taken into account if TRP is calculated using the classical TRP equation with the sin(theta) term

· TBD measurement points with the TX beam peak oriented in any direction. Whether an additional mean error needs to be taking into account in the MU budget is TBD; TRP is calculated using an integral approach
· Min. number of measurement points for TRP measurement grid using constant density approach (using the charged particle or the golden spiral implementation) for non sparse antenna arrays:


· 140 measurement points. No mean error needs to be taken into account. 

· Send an LS to RAN5 before EOW
Topic #3: Min. Number of Measurement Points for beam peak search grid
	Company (Contribution)
	Used [8x2] antenna array?
	Constant Step Size Beam Peak Search Grid: 
Min. Number of Points/angular step size
	Constant Density Beam Peak Search Grid: Min. Number of Points

	R&S

(R4-1806127)
	yes
	10224 (2.5deg)
Comment: for 0.5dB difference
	7080
Comment: for 0.5dB difference


Agreement: 

· Relax the max difference between the beam peak and the neighbouring points from [0.25] to 0.5 dB to reduce min. number of measurement points for the beam peak search grid
· Include an MU for absolute power beam peak measurement TCs (e.g., EIRP, REFSENS) of 0.5dB
· Min. number of measurement points for beam peak search measurement grid for non sparse antenna arrays:

· 10224 (2.5deg step size) for constant step size measurement grids 

· 7080 for constant density measurement grids (using the charged particle implementation)
· Send an LS to RAN5 before EOW
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