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1. Introduction
This contribution provides analyses to address AP#96.32.
2. [bookmark: _Ref31104997]Discussion
In RAN5#96-e, the FR2 PC1 discussions progressed significantly. In [1], an estimate was provided how many grid points for PC1 exceed an EIRP of 43 dBm to determine the influence of noise for select test cases. 
	In order to solve the testability issue in General Tx Spurious without relaxation, we focus on the proportion of grids with EIRP > 43 dBm. According to the core requirement of MOP which defines the maximum TRP of PC1 as 35 dBm, we assume that grids with EIRP > 43 dBm are less than 16 % = 10^((35 dBm – 43 dBm)/10) of the all grids. Note that this assumption is not an additional requirement to UE.
[bookmark: _Ref109833405]Observation 1: In PC1, grids with EIRP > 43 dBm are less than 16 % of the all grids.



The basis for this calculation/observation was not very clear which therefore resulted in an action point
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The remainder of this contribution is analysing the previously agreed 12x12 antenna including all possible sub-configurations of N x M.


3. Analyses
The PC1 antenna assumptions have been previously agreed in [2], i.e., an 12x12 antenna array with 90° HPBW, and are summarized in Table 1 for the single-element and in Table 2 for the composite antenna array, respectively. 
[bookmark: _Ref6898985]Table 1: Single Antenna Element Radiation Pattern for PC1
	Antenna element horizontal radiation pattern
	Am =25 dB

	Horizontal half-power beamwidth of single element
	 

	Antenna element vertical radiation pattern
	SLAv =25 dB

	Vertical half-power beamwidth of single array element 
	

	Array element radiation pattern
	


	Element gain without antenna losses
	GE,max = 5 dBi



[bookmark: _Ref117065301]Table 2: Composite Antenna Array Radiation Pattern for PC1
	
Composite array radiation pattern in dB 
	

the super position vector is given by:


the weighting is given by:



	Antenna array configuration (Row×Column)
	12 x 12

	Horizontal radiating element spacing 
	dh/λ = 0.5

	Vertical radiating element spacing 
	dv/λ = 0.5



This 12x12 antenna pattern based on these assumptions is shown in Figure 1.
[image: ]
[bookmark: _Ref117068543]Figure 1: PC1 Antenna Pattern with 12x12 Elements
This pattern needs to be scaled in order to achieve a TRP of 35dBm. Such scaled pattern with a TRP of 35 dBm is shown in Figure 2. 
[image: ]
[bookmark: _Ref117068885]Figure 2: PC1 EIRP pattern with 12x12 elements and 35 dBm TRP
Clearly, this pattern consists of EIRPs that exceed 43 dBm. 
The TRP measurement grids were previously analysed and defined in [3] and captured in [4], specifically Clause M.4.1.1, i.e., 
	-	500 measurement grid points for constant density grid – Charged Particle implementation, with standard deviation of 0.25 dB 
-	25 latitudes and 48 longitudes (1106 unique grid points) for constant step size grid – sin (theta) weights integration approach, with standard deviation of 0.10dB with the allowance to skip and interpolate measurements at the pole at =180o, see Annex M.4.4
-	25 latitudes and 48 longitudes (1106 unique grid points) for constant step size grid – Clenshaw Curtis weights integration approach, with standard deviation of 0.07dB with the allowance to skip and interpolate measurements at the pole at =180o, see Annex M.4.4


For constant-step size measurement grids, the number of EIRP grid points exceeding this limit depends on the direction of the peak due to the non-uniform grid point density, e.g., very fine grid density along z with coarser density along x. This is further illustrated in Figure 3 for the beam peak aligned towards the z axis and in Figure 4 for the beam peak aligned towards the x axis, respectively, with a measurement grid using Dq=Df=7.5°. Clearly, more grids points exceed the 43 dBm limit when the beam peak is towards z (69) when compared to x (9).
[image: ][image: ]
[bookmark: _Ref117083984]Figure 3: Grid points exceeding 43 dBm (shown in blue) for the PC1 EIRP pattern aligned towards the z axis with 12x12 elements and 35 dBm TRP for a constant-step size measurement grid (shown in red) with Dq=Df=7.5°.

[image: ][image: ]
[bookmark: _Ref117083987]Figure 4: Grid points exceeding 43 dBm (shown in blue) for the PC1 EIRP pattern aligned towards the x axis with 12x12 elements and 35 dBm TRP for a constant-step size measurement grid (shown in red) with Dq=Df=7.5°.
In order to determine the number of grid points that exceed this limit of 43 dBm on average, simulations were performed that implemented 100k random rotations around the y and z axes as well as a twist around the peak (x axis to start off with). In order to apply uniform rotation vectors to the antenna pattern, the rotation angle around the y axis needed to be scaled. The rotations around the z axis and the twists around the x axis were therefore handled in a completely random fashion, e.g., 360*rand(100000,1), while the distribution of rotations around the z axis needed to be scaled by sin(). The histograms of these three rotation angles are illustrated in Figure 5, while the uniform rotation vectors are illustrated in 3D in Figure 6.  
[image: ]
[bookmark: _Ref106886607]Figure 5: Histogram of random distribution around the y, z, and x axes.
[image: ]
[bookmark: _Ref106886618]Figure 6: Illustration of 100k random rotation vectors.
These analyses were performed not just for the 12x12 antenna array patterns but any combination of N x M elements with N ≤ 12 and M ≤ 12 as the PC1 antenna could be operated in any sub-configuration of the full 12x12 array. The results are tabulated in Table 3 for the constant-step size grids with Dq=Df=7.5° and thus 1106 unique grid points and in Table 4 for the constant-density size grids 500 unique grid points. The average number of grid points (in percent) match well between the constant-step size and the constant-density grid points for each of the sub-configurations. 
[bookmark: _Ref117101923]

Table 3: Simulation results for the number of constant-step size grid point points (in percent) exceeding 43 dBm with the respective patterns normalize to a TRP of 35 dBm. 
	 
	Percentage of constant step-size grid points (Dq=Df=7.5°) with total number of 1106 grid points that yield EIRP >43dBm (with TRP pattern normalized to 35dBm); Mean of 100k rotations considered

	N
	M=1
	M=2
	M=3
	M=4
	M=5
	M=6
	M=7
	M=8
	M=9
	M=10
	M=11
	M=12

	1
	0.00
	4.45
	6.03
	6.14
	5.94
	5.64
	5.33
	5.04
	4.77
	4.53
	4.31
	4.11

	2
	 
	6.03
	5.79
	5.24
	4.74
	4.32
	3.96
	3.66
	3.41
	3.19
	2.99
	2.83

	3
	 
	 
	4.97
	4.28
	3.75
	3.34
	3.01
	2.75
	2.53
	2.35
	2.19
	2.05

	4
	 
	 
	 
	3.58
	3.09
	2.72
	2.43
	2.21
	2.02
	1.87
	1.79
	1.74

	5
	 
	 
	 
	 
	2.64
	2.31
	2.05
	1.86
	1.75
	1.75
	1.75
	1.74

	6
	 
	 
	 
	 
	 
	2.01
	1.78
	1.77
	1.77
	1.76
	1.72
	1.68

	7
	 
	 
	 
	 
	 
	 
	1.78
	1.77
	1.74
	1.69
	1.64
	1.59

	8
	 
	 
	 
	 
	 
	 
	 
	1.73
	1.68
	1.62
	1.55
	1.49

	9
	 
	 
	 
	 
	 
	 
	 
	 
	1.61
	1.54
	1.47
	1.41

	10
	 
	 
	 
	 
	 
	 
	 
	 
	 
	1.46
	1.39
	1.33

	11
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	1.32
	1.28

	12
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	1.26


[bookmark: _Ref117101927]Table 4: Simulation results for the number of constant-density size grid point points (in percent) exceeding 43 dBm with the respective patterns normalize to a TRP of 35 dBm. 
	 
	Percentage of constant density grid points with total number of 500 grid points that yield EIRP >43dBm (with TRP pattern normalized to 35dBm); Mean of 10k rotations considered

	N
	M=1
	M=2
	M=3
	M=4
	M=5
	M=6
	M=7
	M=8
	M=9
	M=10
	M=11
	M=12

	1
	0.00
	4.35
	5.90
	6.01
	5.81
	5.52
	5.22
	4.93
	4.67
	4.43
	4.22
	4.02

	2
	 
	5.90
	5.67
	5.13
	4.64
	4.22
	3.88
	3.58
	3.33
	3.12
	2.93
	2.77

	3
	 
	 
	4.86
	4.19
	3.67
	3.27
	2.95
	2.69
	2.48
	2.30
	2.14
	2.01

	4
	 
	 
	 
	3.51
	3.02
	2.67
	2.39
	2.16
	1.98
	1.83
	1.76
	1.71

	5
	 
	 
	 
	 
	2.58
	2.26
	2.02
	1.82
	1.72
	1.72
	1.72
	1.71

	6
	 
	 
	 
	 
	 
	1.97
	1.75
	1.74
	1.74
	1.72
	1.69
	1.65

	7
	 
	 
	 
	 
	 
	 
	1.74
	1.74
	1.71
	1.66
	1.61
	1.56

	8
	 
	 
	 
	 
	 
	 
	 
	1.70
	1.65
	1.59
	1.52
	1.47

	9
	 
	 
	 
	 
	 
	 
	 
	 
	1.58
	1.51
	1.44
	1.38

	10
	 
	 
	 
	 
	 
	 
	 
	 
	 
	1.44
	1.37
	1.30

	11
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	1.30
	1.26

	12
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	1.24



Select sub-configuration EIRP patterns (after normalization to achieve a TRP of 35 dBm are shown in Figure 7.
[image: ] [image: ]
[bookmark: _Ref117103383]Figure 7: Sub-configuration EIRP patterns with 35 dBm TRP: 1x1 (left) and 10x4 (right)
It can be observed that for the 4x1 configuration, the maximum number of grid points (in percent) of the PC1 EIRP patterns (normalized to 35 dBm) exceeding 43 dBm is ~6% regardless of whether constant-step size or constant-density grids are considered. The grid points for this sub-configuration exceeding the 43 dBm EIRPs are highlighted in blue in Figure 8 for the peak aligned in x (left) and in z (right). It can easily be observed that for this sub-configuration, significantly more grid points exceed 43 dBm EIRP when compared to the full 12x12 configuration presented in Figure 3 and Figure 4. 
[image: ] [image: ]
[bookmark: _Ref117103856]Figure 8: Grid points exceeding 43 dBm (shown in blue) for the PC1 antenna pattern with 4x1 sub-configuration aligned towards the x axis (left) and the z axis (right). 
[bookmark: _Ref117104043]Observation 1: The maximum number of grid points (in percent) of the PC1 EIRP patterns (normalized to 35 dBm) exceeding 43 dBm is ~6%.
For the influence of noise calculations applied to SEM and General TX Spurious test cases, it is therefore proposed to consider the 6% maximum number of grid points with EIRP exceeding 43 dBm [5]. 
[bookmark: _Ref117104044]Proposal 1: For the influence of noise calculations applied to SEM and General TX Spurious test cases, consider the 6% maximum number of grid points with EIRP exceeding 43 dBm


4. Conclusion
The following observations and conclusions were made in this contribution. 
Observation 1: The maximum number of grid points (in percent) of the PC1 EIRP patterns (normalized to 35 dBm) exceeding 43 dBm is ~6%.
Proposal 1: For the influence of noise calculations applied to SEM and General TX Spurious test cases, consider the 6% maximum number of grid points with EIRP exceeding 43 dBm
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PC112x12 Antenna Pattern
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image7.png
PC1 12x12 Antenna Pattern after scaling to meet a 35dBm TRP
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image14.png
PC1 1 x1 Antenna Pattern after scaling to meet a 35dBm TRP
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PC1 4 x 10 Antenna Pattern after scaling to meet a 35dBm TRP
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