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1. Background

In the previous RAN4 meetings, there are some initial discussion on the TRP measurement for FR2 NR BS, however no consensus were reached due to limited discussion. In this contribution, we want to share some further discussion on this aspect. 

2. Discussion
As well known that lots of OTA Tx requirement has been specified based on the TRP metric in the TS38.104,e.g, TRP accuracy, ACLR(CACLR)/unwanted emission and spurious emission,  therefore TRP measurement is very critical factor for OTA Tx  requirement which would both impact on the test time and measurement uncertainty. 

In the NR testability agenda, there are two types of measurement sampling grid mentioned in WF [3] as following for further study: 

Constant Step Size: the azimuth and elevation angles are uniformly distributed as shown in Figure1; 

Constant Density: measurement points are evenly distributed on the surface of the sphere with a constant density as shown in Figure2.
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Figure1. Constant Step Size Measurement Grid as (a) Azimuth/Elevation Representation (b) Sphere Representation 

[image: image2.emf]                  ( a )                                                             (b)   Figure  3 :  Constant Density Measurement Grid   as    (a)  Azimuth / Elevation Representation   (b)  Sphere Representation  


Figure 2. Constant Density Measurement Grid as (a) Azimuth/ Elevation Representation (b) Sphere Representation 

In the existing TR37.843, the general TRP definition has been specified in the spherical coordinate as shown in the following: 
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Based on the above equation, it can be noted that there will be MxN sampling points for each TRP measurement where M and N depending on the sampling grid could be derived in the following way if constant step size assumed: 
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Here,the critical issues is how to define the sampling grid 
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for TRP measurement. For the TRP measurement of legacy sub-6GHz UE, China Communication Industry Standardization YD/T 1484 and other international community has specified the sampling grid 
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as 15o. It’s reasonable to set the sampling granularity as 15o as the omini antenna is generally assumed to be implemented for UE, however for mmWave NR BS, this sampling grid maybe too sparse to measure the TRP which will result in large measurement error due to much narrower beamwidth of mmWave NR BS, therefore further fine granularity of spatial sampling for FR2 NR BS should be investigated for TRP measurement. In the following section, two candidate approach of spatial sampling grid for TRP measurement elaborated in details for further discussion. 

2.1 Uniform sampling for Constant Step Size: 
For the ULA system, the array spatial pattern could be defined as in the following equation (3). 
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Where spatial frequency 
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 is defined as following: 
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Similar as Nyquist sampling for time domain signal, the Rayleigh resolution for spatial domain signal  to avoid  the aliasing could be derived in the following method. 
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 If DUT is mounted along the yz plane as shown in Figure3, based on the above considerations on the Rayleigh resolution for spatial domain signal, then sampling grid for azimuth and elevation plane could be derived as following: 
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Figure 3: Orthogonal representation of coordinate system [TR37.842]

Uniform sampling for Constant Step Size in the spherical coordinate as shown in Figure 4/5:  
Rayleigh resolution in azimuth plane:   
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Rayleigh resolution in elevation plane: 
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Where 
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is diameter of radiated  parts of antenna along  y-axis, 
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 is diameter of radiated parts of antenna along the z-axis and 
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 is wavelength for the measured frequency. 

In addition, if the factor 
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 is approximated as 0 for lager antenna array NR BS, the Rayleigh resolution could be simplified as following according to Taylor expansions.
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Therefore this sampling grid of azimuth and elevation plane proposed in the equation (6) and (7) could include the reference angular steps for accurate TRP measurement proposed in [2]
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In the NR coexistence study, it was assumed that antenna configuration for WA NR BS is 8x16 with two polarization. If DUT mounted along yz plane with antenna configuration 8x16 where 8 column are assumed along the y-axis and 16 rows are assumed along the z-axis. Antenna elements are uniformly distributed with separation distance λ/2, therefore aperture size Dy≈4λ and Dz≈8λ. Rayleigh resolution for TRP measurement can be derived as following: 
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Therefore the total number of spatial sampling point based on Rayleigh resolution should be 338 (26x13). For the OTA test system, the angular steps for EIRP measurement could be 1o for both azimuth and elevation plane, therefore the maximum number of spatial sampling point should be 64800(360x180). Compared with maximum spatial sampling point, sampling time with Rayleigh resolution approach could be reduced 95 times with only 0.15dB measurement error. 
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Figure 4. 2D unfolding diagram of  simulated 3D antenna pattern in the spherical space.
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Figure 5. uniform sampling in the spherical coordinate, Red cross denotes the sampling point. 

In addition, it should be noted that the above assumptions are based on Dy and Dz is known or declared by BS vendors or operators, namely the radiation part of antenna array without radome is known before TRP measurement. If the radiation part of NR AAU is unknown, then 
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could be equal to half of First Null Beamwidth (FNBW) in the spherical coordinate, namely FNBWφ/2 and FNBWθ/2 which are Rayleigh resolution in y-axis and z-axis.
2.2 Non-uniform sampling:

Similar as uniform sampling approach, DUT is placed on the yz plane in the spherical coordinate and normal vector of DUT is pointing along the x-axis as shown in Figure 6. The angle φ and θ represent azimuth and elevation respectively, Ky and Kz  represent the projection of normalized wave vector on y-axis and z-axis. If the thickness of DUT can be considered as negligible, based on the Lorenz Gauge theorem in Electromagnetic Filed and Wave, the relationship between the electromagnetic vector potential A of antenna radiation at the far-filed and current density J of aperture plane could satisfy the following equation: 
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According to the relationship between the normalized wave vector and spherical coordinate, the wave vector can be  represented as following: 
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Therefore the equation (12) can be rewritten as following:
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   (14)

The above equation (14) verified that electromagnetic vector potential and current density of aperture plane in normalized wave vector coordinate could satisfy two-dimensional Fourier transform relationship. In fact, normalized vector Ky and Kz can also be considered as spatial frequency. It should be noted that square of normalized wave vector should be less than 1 because the electromagnetism mode of antenna radiation to the far-field should comply with transmission mode. If the square of normalized wave vector was larger than 1, then evanescent  wave cannot radiate to the far field. 
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Figure 6. Spherical coordinate for OTA conformance testing of DUT

In the far-field, the electric field is proportional to the projection of electromagnetic vector potential A on tangent plane in the spherical coordinate. To take the vertical polarization as example, there are almost only current Jz component existing on antenna plane, therefore there will be only electromagnetic vector potential Az component existing, the electric field could satisfy the following equation:
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Where 
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 is  unit vector of the elevation in the spherical coordinate. According to the equation (14) and equation (15), the amplitude of  antenna pattern at the far filed can be written as following: 
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Due to the narrow beamwdith of antenna array, then factor sinθ will have minor impact on the antenna pattern. Based on the above consideration, the electrical filed Eθ and current density Jz  of aperture plane could satisfy the simplified Fourier transform relationship as following:
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Where 
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is diameter of radiated  parts of antenna along  y-axis, 
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 is diameter of radiated parts of antenna along the z-axis.  In addition, as EIRP is proportional to the 
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, therefore sampling grid could be based on yz plane first. 
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Figure 7. Simplified 2D coordinate
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Figure 8.  Current density of aperture plane and its Fourier Transform

Here, we take one simplified scenario: ULA radiation in the yz plane. Based on the equation (17), the electrical field at the far filed could be represented as following (18) 
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According to the Nyquist sampling theory, 
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 in the y-axis should comply with following condition to avoid  the aliasing
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 EMBED Equation.KSEE3  \* MERGEFORMAT [image: image48.wmf]                   (20) 
Based on the equation (20), the sampling grid on the y-aixs should be less than 
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Uniform sampling on the yz plane in the wave vector coordinate as shown in Figure8:  
Rayleigh resolution in y-axis:   
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Rayleigh resolution in z-axis:    
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Based on the uniform sampling grid on the yz plane, we could get the sampling point (Kym,Kzn ). in addition, according to the angular transformation equation (13), then azimuth and elevation (φm,n, θn) in the spherical coordinate could be derived correspondingly. Based on the (φm,n, θn) in the spherical, EIRP on the spherical coordinate could be measured. In the Figure 8, we demonstrate the sampling point in the spherical coordinate, it could be easily found that the sampling grid is not uniform, that’s the reason why the second approach in this contribution is called Non-uniform sampling. 

The simulated antenna pattern and sampling point are demonstrated in the Figure 7(a) and (b) where DUT with antenna configuration 8x16 where 8 column are assumed along the y-axis and 16 rows are assumed along the z-axis. Antenna elements are uniformly distributed with separation distance λ/2, therefore aperture size Dy≈4λ and Dz≈8λ. The EIRP in normalized wave vector space (Ky, Kz) is shown in Figure 7(a) where maximum EIRP is located at (0,0) , namely x-axis direction.  The total number of spatial sampling point based on Rayleigh resolution should be 93. For the OTA test system, the angular steps for EIRP measurement could be 1o for both azimuth and elevation plane, therefore the maximum number of spatial sampling point should be 64800(360x180). Compared with maximum spatial sampling point, sampling time with Rayleigh resolution approach could be reduced 348 times with only 0.3dB measurement error. 
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Figure7(a). 2D unfolding diagram of  simulated 3D antenna pattern in normalized wave vector space and (b) sampling point in this space where Red cross denote the sampling point 
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Figure 8.  non-uniform sampling in the spherical coordinate where Red cross denotes the sampling point. 
In fact, non-uniform sampling approach can get rid of redundant sampling point via the normalized wave vector space which reduce the sampling point significantly. Compared with uniform sampling approach, sampling time for TRP can be decreased by 3 times.  

In the existing TR37.843, TRP is defined in the spherical coordinate as following: 
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For the proposed non-uniform sampling approach, TRP is defined in the wave vector coordinate, therefore TRP definition should be revised accordingly in the corresponding coordinate. For the TRP definition in normalized wave vector space, according to the 2D Jacobian transformation, the equation (23) could be adjusted as following, namely:
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Taking the equation (24) into the equation (23), then we could get 
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where relationship between (θ,φ) and (Ky,Kz )is demonstrated in the equation (13). Similar as discrete sampling process in TR37.843,  the above equation (25) is approximated in the far-field region as the sum of the total EIRP at a number of discrete directions as follows:
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The above considerations is applied for V polarization and it’s the same story for H polarization. 
3. Conclusion 

In this contribution, we discuss the two candidate methods for TRP measurement fundamentally and propose that these two kinds of measurement method could be both adopted for TRP measurement. 

Proposal:  uniform sampling grid on the spherical surface and non-uniform sampling grid on the spherical surface via wave vector space could be both adopted for TRP measurement. 
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