


3GPP TSG RAN WG5 Meeting #79	R5-183008
Busan, Republic of Korea, 21st – 25th  May 2018
Source:		Rohde & Schwarz
Title:	On Beam Peak Search Measurement Grids for mm-wave
Agenda Item:		5.3.14.16
Document for:	Information
Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]A very similar contribution was submitted to RAN4 #87 for approval; this contribution was submitted here for Information.
Different options regarding the selection of a measurement grid for beam peak search measurements have been discussed in previous meetings. The WF on measurement grids for non-sparse antenna arrays from 3GPP TSG-RAN WG4#86bis requests to determine the minimum number of measurement points for constant density and constant step size measurement grid types [1]. The general differences between constant density and constant step size measurement grids have already been discussed in [2].
This contribution provides an analysis of the minimum number of beam peak search measurement points for constant density and constant step size measurement grids. The analysis is based on the simulated patch antenna array pattern from [1].
Discussion
Evaluation Setup
The same pattern of a simulated 8 x 2 patch antenna array as in [1] has been used for the subsequent analysis. Table 1 and Table 2 show the adapted equations from [3] that are used to calculate the UE antenna patterns.


Table 1: Single Antenna Element Radiation Pattern
	Antenna element horizontal radiation pattern
	
, Am =30 dB

	Horizontal half-power beamwidth of single element
	according to wanted element gain (e.g. 260° for 5 dBi element gain)

	Antenna element vertical radiation pattern
	
, SLAv =30 dB

	Vertical half-power beamwidth of single array element 
	according to wanted element gain (e.g. 130º for 5 dBi element gain)

	Array element radiation pattern
	


	Element gain without antenna losses
	GE,max = 5 dBi



Table 2: Composite Antenna Array Radiation Pattern
	
Composite array radiation pattern in dB 
	

the super position vector is given by:


the weighting is given by:



	Antenna array configuration (Row×Column)
	8 × 2

	Horizontal radiating element spacing dh/λ
	0.5

	Vertical radiating element spacing dv/λ
	0.5



This contribution only focuses on measurement grids for beam peak search and spherical coverage measurements (i.e. EIRP CDF). In-band TRP measurement grids are discussed in contribution [4].
Figure 1 shows the composite antenna pattern of an 8 x 2 patch antenna array with an average antenna element gain of 5 dBi where the beam is steered in boresight direction. This EIRP pattern with a TRP value of 0 dBm is used throughout the subsequent analyses.
[image: C:\3GPPApril\180405_1816173GPP_Grid_Evaluation_February_Simulated Grid_8x2_5dBElementGain_0DegAzimuth_15.4459dBTotalGain__3D.png]
Figure 1: Radiation pattern of 8 x 2 patch antenna array steering the beam in boresight direction.
The previous Way Forward [1] stated:
Proposal 5: The minimum number of measurements points shall guarantee that the EIRP deviation between the beam peak and the 4 closest, neighboring measurement grid points is at most [0.25dB] for all DUT types. The simulations shall be performed with the beam peak steered towards the equator for constant step size grids
[image: ] 
The next section is presenting simulation results for the differences between the peak and the 4 closest, neighbouring measurement grid points for the constant steps size grids and the differences between the peak and the 6 closest neighbouring measurement grid points for the constant density measurement grid. The reason to increase the number of neighbouring grid points from 4 to 6 for the latter grid is outlined in Figure 2, i.e., a grid point is typically surrounded by 6 equidistant grid points.
[image: ]
Figure 2: Typical arrangement of measurement grid points for constant density grids.

Simulation Results
Figure 3 shows the maximum EIRP difference of the beam peak and the 4 neighbouring measurement points for constant step size measurement grids with different numbers of measurement points (i.e. with a varying step size). Given the large number of measurement points, it is suggested to consider a deviation of 0.5dB (instead of 0.25dB) between the peak and the next closest measurement points. 
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.
It is estimated that the TX beam peak search procedure takes about 3.5 hours with the proposed minimum number of measurement points. 
[image: C:\3GPPMarch\180511_1311553GPP_Grid_Evaluation_March_Simulated Grid_8x2_5dBElementGain_0DegAzimuth_15.4459dBTotalGain_Constant Step Size_1Rotations_STDvsPoints.png]
Figure 3: EIRP deviation of beam peak and 4 closest neighbouring measurement points
for constant step size measurement grids with different step sizes (7.5, 6, 5, 3, 2, 1.5 and 1 degrees).

Figure 4 shows a similar analysis for constant density measurement grids based on the charged particle approach described in [5]. In this case, the maximum EIRP difference of the beam peak and the 6 neighbouring measurement points are used for the simulation. It can be seen, that the minimum number of measurement points can be decreased compared to constant step size measurement grids while still meeting the requirement of a maximum EIRP deviation of 0.5dB.
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.
It is estimated that the TX beam peak search procedure takes about 2.5 hours with the proposed minimum number of measurement points.
[image: C:\3GPPMarch\180511_1332263GPP_Grid_Evaluation_March_Simulated Grid_8x2_5dBElementGain_0DegAzimuth_15.4459dBTotalGain_Charged Particle_1Rotations_STDvsPoints.png]
Figure 4: EIRP deviation of beam peak and 6 closest neighbouring measurement points
for constant density measurement grids with different number of measurement points.
[bookmark: _GoBack]Conclusion
[bookmark: _Ref473660868][bookmark: _Ref473660708][bookmark: OLE_LINK6][bookmark: OLE_LINK7]This contribution assessed the required number of measurement points for beam peak search grids using constant density and constant step size measurement grids.
The contribution helps to select a minimum number of measurement points for both grid types as requested by the WF on measurement grids for non-sparse antenna arrays [1].
The following observations have been made:
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.
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