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Annex M TRP evaluation for unwanted emissions
M4	TRP measurement procedure for OBUE
M.4.1	Measurement procedure for 2-orthogonal cuts grid
Compared to the TX spurious emissions the in-band unwanted emissions are likely to experience the similar beamforming pattern as the carrier. 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.
[bookmark: _Hlk506742598]
The measurement procedure is the following
a) For each emission frequency, select the grid type: 2 orthogonal cuts.
b) For each emission frequency, set the grid spatial sampling steps to the reference angular steps [ref] or smaller. 
c) For each emission frequency, measure the total power density [ref] on the selected grid. For each emission frequency, calculate the TRPgrid from the measured power density values choosing suitable method as described in Appendix B for orthogonal cuts 
d) Apply pattern multiplication, see Appendix C.
e) If the estimated TRP exceeds the TRP limit and if it is possible to enhance the grid, then repeat the steps b) to d) with a new grid selection. The grid may be enhanced either by, adding an optional orthogonal cut, or using a full sphere grid. 

M.4.2 General measurement procedure for spherical grid

The measurement procedure is the following
a) Calculate reference angular steps  and using xxx
b) Select appropriate measurement antenna and test distance, see Mxy.
c) For each emission frequency, select the grid type: full sphere
d) For each emission frequency, set the grid spatial sampling step  and . 
i. If  , set  
ii. If  set  and 
e) For each emission frequency, measure the total power density (ref to formula) on the selected grid.
f) For each emission frequency, calculate the TRPgrid from the measured power density values choosing suitable integration method [ref].

M.4.3 Orthogonal cuts
Use this method to calculate TRP if the grid type chosen is orthogonal cuts. 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.
The first mandatory cut is a horizontal cut passing including the peak direction of the main beam.
The second mandatory is a vertical cut passing including 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
[image: ]	(B.1)
or if EIRP values are used
[image: ]		(B.2)
Here, overlining denotes angular average value in the cut. The final contribution for all cuts is calculated as
[image: ]		(B.3)
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.
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	Figure 3: 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 EUT around its z-axis and y-axis, respectively, and the optional third cut is generated by rotating the EUT around its x-axis.




M.4.4 Pattern multiplication
Pattern multiplication can only be used in adjacent bands and as a post-processing step that can be applied to two-cuts data.
The following requirements are mandatory
0. The vertical cut is taken in the  -plane
i. The frequency of the emission is within the BS RF Bandwidth or close to its edges (e.g. emissions will experience similar pattern as the wanted signal)
ii. The bandwidth of the emission is the same as the bandwidth of the in-band modulated signal
iii. The emission changes significantly when the Tx power is turned on or off.
iv. The antenna arrays of the EUT
1. Have rectangular grids of antenna element positions
2. Have symmetry planes that are vertical and horizontal.
3. Have parallel antenna planes 
Two cuts cut data as processed in Appendix B gives a conservative TRP estimate. Here, a less conservative estimate is used based on the possibility to calculate the antenna array factor as a product of two terms, corresponding to the two cuts. 
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  at and a vertical cut with data  at . The data is split in two parts corresponding to the forward and backward hemisphere, where the relation 
					 [image: ]		(C.1)
holds for the forward hemisphere data. The remaining data correspond to the backward hemisphere. The uv-coordinates are defined as
					[image: ]	(C.2)
for each hemisphere. The inverse relation reads 
					[image: ] 	(C.3)
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
					[image: ] 	(C.4)
The TRP is then calculated as
	[image: ] (C.5)
Note: If [image: ], points near u=1 and u=-1 needs to be calculated using extrapolation. The closest power density values shall be used for extrapolation.
Tips: To avoid the numerical singularity and restrict the integration to the unit disc in uv-plane, the following coordinates can be used
					[image: ]		(C.6)
The infinitesimal solid angle changes of the integration changes as
					[image: ] 	(C.7)
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