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1	Introduction
This document proposes to add a new annex, entitled “Annex I (normative) TRP measurement grids” to TS 38.141-2 [1]. A similar annex already exists in TS 37.145-2 [2]. In addition, several TRP measurement procedures were agreed and captured in TR 37.843 [3] at the RAN4#88 meeting.  

The TP captures TRP sampling grids and measurement procedures as agreed in TR 37.843 [3].

Constructive comments are encouraged. 
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--------------Start of text proposal-------------

Annex I (normative):
TRP measurement grids
[bookmark: _Toc523481591]I.1	General
The annex describes various sampling grids that can be used for TRP performance of OTA NR BS.
[bookmark: _Toc523481592] I.2	Spherical equal angle grid
[bookmark: _Toc503967006][bookmark: _Toc510722784][bookmark: _Toc523481580]I.2.1	General 
TRPEstimate is defined as 
 
where N and M are the number of samples in the  and  angles. Each () is a sampling point. The sampling angular intervals for  and  angles are  and .
I.2.2	Rayleigh sampling criteria
If EUT is mounted along the yz plane as shown in Figure I2.2-1, the Rayleigh resolution angles (reference step) can be determined by

 and 


where Dy is the length of radiating parts of EUT along y-axis, Dz is the length of radiating parts of EUT along the z-axis and λ is wavelength for the measured frequency.
[image: Figure 3]
Figure I2.2-1. Spherical coordinate for OTA conformance testing of EUT
Where due to practical reasons such as time constraints or turn-table precision, measurement with the reference steps is not practical, sparser grids can be used. Use of sparse grids can lead to errors in TRP assessment. In order to characterize these errors, the SF (sparsity factor) of the grid is defined as

	


Where and  are the actual angular steps used in the measurement.

When three dimensions of EUT are used, the reference angular steps  and  in are radians are defined as


Dcyl and D are calculated as 


The definition of d, w and h is shown in Figure I2.2-2. The radiation source can be EUT antenna array or the whole of EUT.
[image: ]
Figure I2.2-2: Dimensions of a radiation source: depth (d), width (w) and height (h)


[bookmark: _Toc525595740]I.3	Spherical equal area grid
TRPEstimate is defined as 
	 
N is the total number of samples and specified in FFS. Each () is a sampling point. 

[bookmark: _Toc525595741]I.4	Spherical Fibonacci grid
TRPEstimate is defined as 
	
I is the total number of samples. Each () is a sampling point.

[bookmark: _Toc525595742]F.5	Orthogonal 2 cut grid
Orthogonal 2 cut grid comprises:
1.	a horizontal cut passing through the peak direction of the main beam and 
2.	a vertical cut passing through the peak direction of the main beam.
The total EIRP for each cut is defined as 
	 
where P is the number of sampling points. The final contribution for all cuts is calculated as
	
where N is the number of cuts.

[bookmark: _Toc525595743]I.6	Wave vector space grid
If EUT is mounted along the yz plane as shown in Figure F2.2-1, the Rayleigh resolutions (reference step) in wave vector space can be determined by
	
where Dy is the length of radiating parts of EUT along  y-axis, Dz is the length of radiating parts of EUT along the z-axis. 
According to the relationship between the normalized wave vector and spherical coordinate, the wave vector can be represented as following:  
	
The total radiated power (TRP) in the wave vector space is determined by 
	
Where due to practical reasons such as time constraints or turn-table precision, measurement with the reference steps is not practical, sparser grids can be used. Use of sparse grids can lead to errors in TRP assessment. In order to characterize these errors, the SF (sparsity factor) of the grid is defined as

	


Where  and  are the actual steps used in the wave vector space in the measurement.
I.7	Orthogonal 2 cut with pattern multiplication


I.8	Orthogonal 2 or 3 cut with dense sampling


I.9	Full sphere with sparse sampling
[bookmark: _GoBack]


I.10	Beam-based directions
Beam-based direction can be used if directivity of the EUT antenna is known for the base station operating band. TRPEstimate is defined as 
, where  is the maximum EIRP in the beam peak direction within a particular beam direction pair and  is directivity of the EUT antenna.

I.11 Peak method
The peak method can be used when frequencies with unwanted peak emissions are identified during pre-scan. The method does not provide an estimate of TRP. 
For each peak emission frequency identified during pre-scan, measure peak EIRP or power density as follows: 
1. Move EUT and test antenna to the same position where the peak emission is recorded during the pre-scan.
2. Move the EUT around the position and test antenna orientation to find the final peak EIRP or power density.
3. The measured peak power density or EIRP shall be used to demonstrate conformance. 
   NOTE:	Peak EIRP is the linear sum of two orthogonal polarised components.

I.12 Equal sector with peak average 
Equal sector with peak average can be performed on frequencies with unwanted peak emission, which are considered by the peak method for further measurements. 
The spherical angle  is divided into K equal sectors. If the largest dimension of EUT is less than 60 cm, then each sector is a half quadrant of 45°.
For each peak emission frequency, measure peak EIRP of beams belonging to different sectors of the sphere as follows: 
1. Move EUT and test antenna to the same position where the emission peak is recorded during the pre-scan.
2. Move EUT around the position and test antenna orientation to find the final peak EIRP.
3. Repeat Steps 1 to 2 until all sectors are covered.
4. Calculate TRPEstimate as 
  , where  is the peak EIRP in the kth sector.  
NOTE:	Peak EIRP is the linear sum of two orthogonal polarised components. 

I.13 Pre-scan
Pre-scan is used to identify frequencies with unwanted emission power levels above a certain threshold. The pre-scan does not provide an estimate of TRP. 
The procedure for pre-scan is as follows:
1. Scan the entire surface around EUT.
2. Rotate test antenna to cover all possible polarisations of emissions to detect maximum emissions.
3. Record the list of frequencies and corresponding unwanted emission power levels, EUT spatial positions, and test antenna polarization for which the maximum emission levels occur.   
Frequencies with unwanted emission power levels that are more than [20 dB] below a specified limit shall not require further measurements.  
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