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6.3.4.5	Orthogonal cuts grids
Compared to the TX spurious emissions the OBUE emissions and ACLR are likely to experience the similar beamforming pattern as for the wanted signal. Due to this reason, it is easily predictable where the maximum of the emissions is going to be, hence the possibility to enhance the measurement method to achieve better accuracy. Here we choose to apply the pattern multiplication method [10].
In this method, at least two cuts (default) shall be used, an optional third cut can be added if needed. The alignment of the cuts must be along the symmetry planes of the antenna array. Note that theta reference steps apply to the vertical cuts and phi reference steps to the horizontal cuts.
The first mandatory cut is a horizontal cut passing through the peak direction of the main beam.
The second mandatory is a vertical cut passing through the peak direction of the main beam.
Using the data from these two mandatory cuts, a conditional pattern multiplication can be used.
The third optional cut is a vertical cut orthogonal to the first and the second cut.
Once the number and the orientation of the cuts are decided, the total EIRP is measured on the orthogonal cuts and the TRP is then calculated as follows: First the contributions from each cut is calculated 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. Note that when orthogonal cuts are measured, the intersection points are measured multiple times and the repeated values can be removed from the samples before averaging.
[image: ][image: ]
Figure 6.3.4.5-1: Example of orthogonal cuts geometry when the main lobe points along the x-axis. Two mandatory cuts grid (left) and the optional added third cut (right). The first two cuts are generated by rotating the BS around its z-axis and y-axis, respectively, and the optional third cut is generated by rotating the BS around its x-axis
Two cuts cut data gives a conservative TRP estimate (an overestimation of the real TRP). Through pattern multiplication a less conservative estimate is obtained, based on the calculation of the antenna array factor as a product of two terms, corresponding to the two cuts.
The following conditions for being able to apply pattern multiplication method are mandatory:
i.	The vertical cut (and the main beam) is in the -plane
ii.	The frequency of the emission is within the downlink operating band.
iii.	The bandwidth of the emission is the same as the bandwidth of the in-band modulated signal
iv.	The emission appears/disappears when the TX power is turned on/off.
v.	The antenna arrays of the BS
1.	Have rectangular grids of antenna element positions
2.	Have symmetry planes that are vertical and horizontal.
3.	Have parallel antenna planes
The antenna array is here assumed to be placed in the yz-plane. The pattern multiplication is performed in uv-coordinates and the data in the two cuts are denoted EIRPcut1(φ) at and a vertical cut with data EIRPcut2(θ) at . The data is split in two parts corresponding to the forward and backward hemisphere. The uv-coordinates are the projections of the angular directions onto the antenna plane, here the yz-plane. Using the spherical coordinates as depicted in figure 6.3.4.2-2 the u and v coordinates are defined as:
	
Note that only the data on the coordinate axes are measured, and hence only the datafor  (the horizontal cut) and EIRPcut2(v) for  (the vertical cut) are known. Moreover, only the points in the circular disc  , a.k.a. the visible region, contribute to the TRP.
The pattern multiplication is used to calculate power density values outside the two cardinal cuts as:
	
In Figure 6.3.4.5-2, the case where  is illustrated.
[image: ]
Figure 6.3.4.5-2: Example of pattern multiplication
The pattern multiplication is applied separately for the forward (fwd) and backward (bwd) hemisphere. The TRP is then calculated as
	
NOTE:	The numerical singularity at  must be treated with care, e.g. by changing the coordinate system to polar as in [10].
The Jacobian of the coordinate of transformation can be used to change the TRP integral in the -space into an integral in the -space as follows:
 
where  is the Jacobian determinant. 
 

The corresponding expression of the integral is 
 

The integral can be approximated as summations of discrete EIRP samples as 
 
where  = number of intervals in the -range of the forward and backward hemispheres 
 = number of intervals in the -range of the forward and backward hemispheres
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