[bookmark: _Ref452454252]3GPP TSG-RAN WG4 Meeting #89	R4-1815969
Spokane, WA, USA, 12th – 16th November 2018 


Source:	Nokia, Nokia Shanghai Bell
Title:	On reference angular steps of spherical grids for TRP measurements 
[bookmark: _GoBack]Agenda item:	7.9.4.2
Document for:	Discussion
1	Introduction
During the RAN4#88bis meeting, NTT DoCoMo presented a contribution on “BS declaration on antenna size for OTA measurement” [1], which discussed the necessity of declaring the physical antenna size of BS by manufacturers. Such a declaration is needed to compute:

· the far field distance for OTA measurements in anechoic and CATR chambers 
· the spherical reference angular steps of TRP measurement grids 

This document discusses the above open issues and proposes an alternative means to determine the reference angular steps for TRP measurement grids, which can be applied to determine the physical antenna size of BS for far field distance computation. 
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2.1	Reference angular steps
Let us consider a planar uniform rectangular array (URA) with 10×10 radiating elements as shown in Figure 1. The radiating element spacing is half of the wavelength of the EUT operating channel frequency.z
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                                       Figure 1: 10×10 Uniform rectangular array 
Figures 2 and 3 show the H-plane and E-plane radiation patterns, respectively, when the EUT operating frequency was set to 2 GHz. From the plots, the -3-dB beam width (or half power beam width) is 10° in  angles. Since the radiating elements formed a uniform rectangular lattice, the half-power beam width (HPBW) is also 10° in  angles.   
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										Figure 2: H-plane radiation pattern
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Figure 3: E-plane radiation pattern 

From Subclause 10.8 in TR 37.843 and annex F.2.2 in TS 37.145-2, the reference angular steps (in radians) for arbitrary geometry of EUT radiation source are specified as follows: 
[bookmark: _Hlk528767470] and  
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 and . Refer to Figure 4 for the definition of ,  and . 
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Figure 4: Dimensions of a radiation source are depth (d), width (w) and height (h)


For the specific case of a uniform linear array (subclause 10.8 in TR 37.843 and annex F.2.2 in TS 37.145-2), the reference angular steps (in degrees) are specified as 
[bookmark: _Hlk528767736] and 
where  and  are the length of radiating part of the EUT along the z- and y-axis, respectively. Both can be calculated as , where  is the number of antenna elements along the y- or z-axis and  is the separation distance between two adjacent antenna elements. 
For the above URA example, , , m,  and . The physical dimensions of the URA are computed as shown in Table 1.  is the wavelength of the EUT operating channel frequency. 
Table 1: Physical dimensions calculated using TR 37.843 for the URA example
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The reference angular steps for the URA example at the EUT operating channel frequency (i.e., ) are given in Table 2. The HPBW in  and  angles is also given in the table for comparison. 
Table 2: Reference angular steps versus HPBW
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As shown in Table 2, the reference angular steps are approximately equal to the HPBW of the radiation pattern at the operating frequency. The small difference between the reference angular steps and HPBW is due to the following:
· the methodology that is used to calculate the physical dimensions of the URA
·  and   

Observation 1: The reference angular steps in  and  angles derived using the methodology in Subclause 10.8, TR 37.843 and annex F.2.2, TS 37.145-2 are approximately equal to the HPBW at the EUT operating frequency, which is
  and   or
  and   

Observation 2: The reference angular steps for TRP measurements can be derived from the HPBW (or -3db beam width). The reference angular step equations can be expressed in terms of HPBW as follows:
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The HPBW is declared by manufacturers for the radiated transmit power requirement. As there can be more than one declared HPBW associated with different beam peak directions, it is recommended to use the declared HPBW in the reference beam direction to derive the reference angular steps for TRP measurements. 
Observation 3: As there is more than one HPBW declarations for the radiated transmit power requirement, only one HPBW should be used to derive the reference angular steps. It is recommended to use the declared HPBW in the reference beam direction. 
If HPBW declarations are not available, then the HPBW can be obtained through measurements in the reference beam direction. Such measurements are relatively easy as compared with TRP measurements.   
Observation 4: In case HPBW declarations are not available, the HPBW can be obtained through measurements in the reference beam direction prior to TRP measurements following the test procedure for the BS radiated transmit power requirement. 

2.2	Physical antenna size
From Observation 3 in Section 2.1, the physical size of EUT antenna can be determined given HPBW as follows: 
 and , or
 and 
The physical size of BS antenna may be used to compute far field distance for OTA measurements and reference angular steps for TRP measurements. 	
Observation 5: Given HPBW values at the operating frequency, the physical antenna size of BS can be determined using the above formulae.	
3	Conclusions
The document has discussed an alternative means to determine the angular step size for TRP measurement grids Based on our discussions, we can make the following observations:

Observation 1: The reference angular steps in  and  angles derived using the methodology in Subclause 10.8, TR 37.843 and annex F.2.2, TS 37.145-2 are approximately equal to the HPBW at the EUT operating channel frequency, which is
  and   or
  and   

Observation 2: The reference angular steps for TRP measurements can be derived from the HPBW (or -3db beam width). The reference angular step equations can be expressed in terms of HPBW as follows:
 and , or
 and 

Observation 3: As there is more than one HPBW declarations for the radiated transmit power requirement, only one HPBW should be used to derive the reference angular steps. It is recommended to use the declared HPBW in the reference beam direction.  

Observation 4: If HPBW declarations are not available, the HPBW can be obtained through measurements in the reference beam direction prior to TRP measurements following the test procedure for OTA BS output power.
 
Observation 5: Given HPBW values at the operating channel frequency, the physical antenna size of BS can be determined as follows:
 and , or
 and 
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E-plane radiation pattern
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H-plane radiation pattern
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