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Introduction
In [1], a coarse and fine measurement grid approach for beam peak searches has been defined for a while. This contribution is addressing the need to define a test parameter, DFS, that was left undefined. 
Discussion
In [1], a coarse&fine beam peak search grid approach was introduced. It relies on an initial coarse search with a subsequent fine search near measurements in a “fine search region” which is starting from the beam peak identified in the coarse search, EIRPCSBP, over a range of FS. This FS parameter was left undefined and was illustrated schematically in Figure M.2.2-2 of [1] with a note that the “fine search range FS is a function of the angular spacing of the coarse beam peak search grid as well as the beam width of the reference antenna pattern considered for smartphone UEs.” This FS defines the region of measured EIRPs/EISs that need to be investigated more closely with the fine search algorithm.
	[image: A screen shot of a device

Description automatically generated]
[bookmark: _Ref521335906][bookmark: _Ref521335900]Figure M.2.2-2: Illustration of the fine beam peak search grid. Left: identify the measurement grid points that yielded EIRP values within the fine search region, right: placement of fine beam peak search grid points


This contribution intends to provide much needed input on the choice of the FS parameter for FR2 testing for the 4x2 (with HPBWs of 90°/90°), 6x2 (with HPBWs of 90°/90°), and 8x2 (with HPBWs of 260°/130°) PC3 antenna configurations.
The most efficient use of coarse & fine grids is to leverage a coarse measurement grid that satisfies the minimum requirements for the spherical coverage test case and perform the local searches in the “fine search region” with a fine measurement grid that satisfies the minimum requirements for the beam peak searches. 
[bookmark: _Ref153885636]Observation 1: The most efficient use of coarse & fine grids is to leverage a coarse measurement grid that satisfies the minimum requirements for the spherical coverage test case and perform the local searches with a fine measurement grid that satisfies the minimum requirements for the beam peak searches.
The simulation assumptions and measurement grids for various antenna configurations and grid types are tabulated in Table 1 for the spherical coverage and the beam peak searches which require the finest measurement grids.
[bookmark: _Ref153449653]Table 1: Spherical coverage and beam peak search measurement grids for various antenna configurations and grid types
	Antenna Configuration
	4x2 (applicable with vendor declaration)
	6x2 (applicable with vendor declaration)
	8x2 (default)

	HPBW
	90°x90°
	90°x90°
	130°x260°

	Vendor Declaration Required
	Yes
	Yes
	No

	Spherical Coverage: Constant Step-Size Grid (step-size/min. number of grid points)
	Dq=Df=15° (266)
	Dq=Df=15° (266)
	Dq=Df=15° (266)

	Spherical Coverage: Constant-Density Grid (min. number of unique grid points)
	180
	200
	200

	Beam Peak Search: Constant Step-Size Grid (step-size/min. number of grid points)
	Dq=Df=12° (422)
	Dq=Df=9° (762)
	Dq=Df=7.5° (1106)

	Beam Peak Search: Constant-Density Grid (min. number of unique grid points)
	310
	575
	800


In the simplest approximation, the FS parameter when referenced to the global beam peak is defined as the drop in pattern from the global beam peak, aligned in the centre of two coarse grid points, to the next closest coarse grid point as illustrated in Figure 1. Throughout this remainder of this section, the coarse measurement grids are assumed to correspond to constant step-size grids with Dq=Df=15°, i.e., 266 unique grid points.
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[bookmark: _Ref150257815]Figure 1: Illustration of the FS parameter referenced to the global beam peak. 
For this coarse grid step size, the drop in power at Dfcoarse/2=Dqcoarse/2=7.5° off the beam peak is tabulated in Table 2. 
[bookmark: _Ref150259867][bookmark: _Ref152838531]Table 2: Drop in power at Dcoarse/2=7.5° off the beam peak for constant step-size grids
	Antenna Configuration
	Normalized Pattern Dfcoarse/2= Dqcoarse/2 = 7.5° off peak [dB]

	8x2 (HPBW: 260°/130°)
	-4.27

	6x2 (HPBW: 260°/130°)
	-2.34

	4x2 (HPBW: 90°/90°)
	-1.02


When performing the beam peak searches with a coarse grid, however, it is not guaranteed that the coarse search grid captures the global beam peak. This was also captured accordingly in the coarse&fine beam peak search procedure [1], e.g., the description of Figure M.2.2-2 [1] indicated 
	This illustration shows that the EIRP beam peak of the coarse search, EIRPCSBP, is found to be the peak of the orange beam while the global TX beam peak (red beam) was not identified due to the coarse sampling of the grid points.


Accordingly, the DFS region was referenced to the coarse search beam peak, EIRPCSBP, as highlighted in [1]
	A fine search region starting from the beam peak identified in the coarse search, EIRPCSBP, over a range of FS is used to identify the regions that need to be investigated more closely with the fine search algorithm.


Figure 2 illustrates the coarse grid beam peak, EIRPCSBP, captured during the coarse search and the global beam peak that was not captured during this initial search. The DFS region from EIRPCSBP should end at the same level as DEIRPBP,coarse below the global beam peak, i.e., DFS≤DEIRPBP,coarse. Elaborate statistical evaluations will be presented next to determine the systematic error related to the beam peak search for different DFS, random orientations, grid step sizes, antenna array configurations, etc.
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[bookmark: _Ref150261129]Figure 2: Illustration of the FS region referenced to the coarse grid beam peak. 


Beam Peak Search Results With and Without Beam Steering
The original approach for the beam peak search MU analyses is based on statistical analyses of the beam peak error for a large number of random orientations of just the antenna pattern that yields the beam peak, i.e., without beam steering [2]. The global beam peak of the antenna array was determined first. Subsequently, the relative orientation of the simulated antenna array and the measurement grid was altered randomly. The statistical results from simulations using 50,000 random orientations are then used to determine the CDF of the beam peak measurement errors. Given the half-normal distribution, it was previously decided to determine the MU term based on the offset from the beam peak that contains 95% of the distribution (alternatively, the offset value at which the CDF is 5%, Offset5%CDF). This offset is considered a systematic error in the MU budget and illustrated in Figure 3. This original approach determined the MU of measurements grids capturing the absolute beam peak, i.e., the direction in which most test cases were defined.
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[bookmark: _Ref529831409][bookmark: _Ref529831405]Figure 3: Statistical metrics for a sample half-normal distribution
For PC3, it was decided to define a systematic uncertainty of 0.5 dB for the beam peak search. The original beam peak search analyses utilized the worst-case 8x2 antenna array configuration with a half-power beam width (HPBW) assumption for the single-element of 260°x130° [3]. It was subsequently determined that this 260° x 130° single-element assumption is unrealistic and should be revised to a 90°x90° HPBW assumption for any new MU simulations while not revisiting existing MUs and measurement grids [4], e.g., “The 260/130 shows an unrealistically optimistic 3 dB drop at the 50th percentile point. Following a similar process of corrections for non-idealities, the ‘realistic’ spherical coverage CDF will only show 5 or 6 dB of gain drop – much different from the standard. We therefore believe that the change to 90/90 element better describes practical implementations.” The differences in the resulting antenna pattern between the two HPBWs is illustrated in Figure 4. The large back lobe for the 260°x130° HPBW was furthermore used to highlight the rather unrealistic nature of the antenna pattern.
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[bookmark: _Ref133821021]Figure 4: Illustration of 8x2 pattern; left: 260°x130° HPBW and right: 90°x90° HPBW
An alternate approach for the beam peak search was introduced in [5] which takes multiple antennas integrated in a device and beam steering assumptions of the antenna array into account; the basis for this approach is that even beam steering states not yielding the actual beam peak are considered in the Offset5%CDF metric and measurement grids. This approach essentially performs the spherical coverage measurement grid analyses but instead of selecting the 50%th percentile test point (for PC3), the analyses focused on the 100%th percentile test point as illustrated in Figure 5.
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[bookmark: _Ref129956027]Figure 5: Sample CDF Analyses for a 15° constant step size measurement grid
The key differences between the two simulation approaches are summarized in Table 3 and the simulation results are summarized in Table 4 for the constant step-size grids and in Table 5 for the constant-density grids for both approaches.
[bookmark: _Ref129958929]Table 3: Comparison of simulation approaches of beam peak search measurement grids
	Item
	Original approach [2]
	Revised approach [5]

	Beam Steering
	Not considered
	Same beam steering assumption as spherical coverage analyses

	Single vs multiple arrays
	Single antenna array
	Multiple antenna arrays are considered (matching spherical coverage analyses)

	Focus of Offset5%CDF analyses
	Actual beam peak 
	Directions and EIRPs not necessarily matching the actual beam peak


[bookmark: _Ref153464589]Table 4: Statistical Beam Peak Search Analyses of the 50k Offset5%CDF Simulations with and without Beam Steering for constant step-size grids
	Dq=Df [°]
	Unique # of grid points
	Ant. Config
	HPBW [°]
	Offset5%CDF [dB]

	
	
	
	
	With Beam Steering
	Without Beam Steering

	7.5
	1106
	8x2
	130x260
	0.36
	0.48

	7.5
	1106
	8x2
	90x90
	0.52
	0.52

	7.5
	1106
	6x2
	90x90
	0.34
	0.34

	7.5
	1106
	4x2
	90x90
	0.19
	0.19

	9
	762
	6x2
	90x90
	0.49
	0.49

	12
	422
	4x2
	90x90
	0.48
	0.48

	Note: Measurement Grids for BPS was selected without beam steering assumptions


[bookmark: _Ref153555892]Table 5: Statistical Beam Peak Search Analyses of the 50k Offset5%CDF Simulations with and without Beam Steering for constant-density grids
	Unique # of grid points
	Ant. Config
	HPBW [°]
	Offset5%CDF [dB]

	
	
	
	With Beam Steering
	Without Beam Steering

	800
	8x2
	130x260
	0.24
	0.50

	800
	8x2
	90x90
	0.53
	0.53

	575
	6x2
	90x90
	0.48
	0.48

	310
	4x2
	90x90
	0.50
	0.50

	Note: Measurement Grids for BPS was selected without beam steering assumptions


[bookmark: _Ref153885637]Observation 2: The simulations assuming the more realistic HPBW of 90°x90° suggest the same measurement grid MUs with and without beam steering assumptions.


Simulations of DFS with Constant Step-Size Grids with Fixed Orientations
This concept is demonstrated next using the assumptions used for spherical coverage [3], i.e., 
· UE with two 8x2 antenna arrays, one at the front and one at the back (whose output power is limited by 5dB compared to the one in the front)
· Beam steering assumptions in xz and xy planes
In order to apply the most realistic antenna array assumptions, the HPBWs for the 8x2 antenna array were selected to be 90°/90° (instead of 260°/130°). In the first case, it is assumed that the global beam peak is oriented along the (q/f)=(90°/0°) direction which aligns with a grid point on the coarse constant step-size grid with Dq=Df=15°. On this coarse grid, 266 total EIRP measurements are performed for PolLink=q and 266 total EIRP measurements are performed for PolLink=f. The simulations presented in Figure 6 assume that DFS was varied from 0 dB to 5 dB in 0.5 dB increments. For each coarse grid point within DFS, 8 fine grid points (shown in red) were selected as outlined highlighted in Figure M.2.2-3 of [1].  
	[image: ]
Figure M.2.2-3: Illustration: Coarse & Fine Constant Step Size Grids



The plot on the left of Figure 6 highlights how many EIRPs were captured that were within DFS of the coarse grid beam peak. The figure on the right then outlines how many unique fine search grid points were determined that required measurements using the fine grids; here, duplicate test points were removed that might have resulted from neighbouring coarse grid points that fall within DFS of the coarse grid beam peak. Clearly, as the coarse grid already captured the global beam peak, the BP error, shown in the centre of Figure 6, is 0 dB regardless of the selected DFS. For a worst-case DFS of 4.5dB from Table 2, it can be observed that on top of the 532 (=2*266) coarse-grid EIRPs, 256 additional fine grid EIRP measurements are performed with a resulting 0 dB error. A fine-grid measurement with Dq=Df=7.5° would have required 2212 EIRP measurements (=2*1106) and resulted in the same 0 dB error. The savings in test time is ~788/2212 ~ 1/2.8 which is significant. 
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[bookmark: _Ref150267112]Figure 6: Demonstration of coarse&fine beam peak search grid applied to UE with two 8x2 antenna arrays per [3]. Beam peak at (q/f)=(90°/0°). 
The second example is for the same UE assumption but with the beam peak shifted by 7.5° in q and f compared to the first example, i.e., the beam peak is at (q/f)=(97.5°/7.5°). The simulations for this example are shown in Figure 7. Here, the coarse grid beam peak is captured at (q/f)=(90°/30°) and it takes a DFS of 3.5 dB before the global beam peak is captured with the fine grid and the error is reduced from ~0.75 dB to 0 dB (as the global beam peak is located on the fine grid). For a worst-case DFS of 4.5dB from Table 2, it can be observed that on top of the 532 coarse-grid EIRPs, 320 additional fine grid EIRP measurements are performed with a resulting 0 dB error. A fine-grid measurement with Dq=Df=7.5° would have required 2212 EIRP measurements (2*1106) and resulted in the same 0 dB error. The savings in test time is ~852/2212 ~ 1/2.6 which is still significant.
[image: A graph of blue and white lines

Description automatically generated]
[bookmark: _Ref150268460]Figure 7: Demonstration of coarse&fine beam peak search grid applied to UE with two 8x2 antenna arrays per [3]. Beam peak at (q/f)=(97.5°/7.5°).
A similar set of analyses were performed for the 4x2 antenna configuration and the 90°x90° HPBWs for a coarse grid with 15° and a fine grid with 7.5° spacing. Even though the 4x2 antenna configuration can use a coarser grid for beam peak searches than 7.5°, i.e., 12° step size, the 7.5° fine grid was selected as the coarse grid of 15° is a multiple of 7.5°. The simulations presented in Figure 8 has DFS was varied from 0 dB to 5 dB in 0.5 dB increments as well. As the coarse grid already captured the global beam peak, the BP error is 0 dB regardless of the selected DFS. For a worst-case DFS of 1.5dB from Table 2, it can be observed that on top of the 532 (=2*266) coarse-grid EIRPs, 56 additional fine grid EIRP measurements are performed with a resulting 0 dB error. A fine-grid measurement with Dq=Df=12° would have required 844 EIRP measurements (=2*422). The savings in test time is ~588/844 ~ 1/1.4 which is acceptable. 
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[bookmark: _Ref152838847]Figure 8: Demonstration of coarse&fine beam peak search grid applied to UE with two 4x2 antenna arrays per [3]. Beam peak at (q/f)=(90°/0°). 
The second example is for the same UE assumption but with the beam peak shifted by 7.5° in q and f compared to the first example, i.e., the beam peak is at (q/f)=(97.5°/7.5°). The simulations for this example are shown in Figure 9. Here, the coarse grid beam peak is captured at (q/f)=(90°/30°) and it takes a DFS of 0.5 dB before the global beam peak is captured with the fine grid and the error is reduced from ~0.75 dB to 0 dB (as the global beam peak is located on the fine grid). For a worst-case DFS of 1.5dB from Table 2, it can be observed that on top of the 532 coarse-grid EIRPs, 74 additional fine grid EIRP measurements are performed with a resulting 0 dB error. A fine-grid measurement with Dq=Df=12° would have required 844 EIRP measurements (2*422). The savings in test time is ~606/844 ~ 1/1.4 which is acceptable.
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[bookmark: _Ref152840096]Figure 9: Demonstration of coarse&fine beam peak search grid applied to UE with two 4x2 antenna arrays per [3]. Beam peak at (q/f)=(97.5°/7.5°).
[bookmark: _Ref150271831]Observation 3: The coarse&fine beam peak searches are shown to significantly reduce test time even for the simplest approximation. 


Simulations of DFS with Constant Step-Size Grids with Random Orientations
The following simulations assume 50k random orientations for each DFS from 0 dB to 5 dB in 0.5 dB increments. Figure 10 shows the simulations results for the PDF and CDF distributions of the beam peak search errors for various DFS. It can be observed that the Offset5%CDF results are converging for a DFS of 2.5 dB. 
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[bookmark: _Ref153463148]Figure 10: Coarse (Dq=Df=15°) & Fine (Dq=Df=7.5°) beam peak search simulations for PC3 UE with 8x2 antenna configurations (130°x260°)
The simulation results for the various antenna configurations are tabulated in Table 6 for coarse grids with Dq=Df=15° and fine grids with Dq=Df=7.5°. Highlighted in yellow are the DFS where the Offset5%CDF values have converged. It should be noted that these values match the beam peak search Offset5%CDF shown in Table 4 with beam steering.
[bookmark: _Ref153464092]Table 6: Coarse (Dq=Df=15°) & Fine (Dq=Df=7.5°) beam peak search Offset5%CDF simulations for PC3 UE
	DFS [dB]
	Offset5%CDF [dB]

	
	8x2 with 130x260
	8x2 with 90x90
	6x2 with 90x90
	4x2 with 90x90

	0
	0.50
	0.95
	0.81
	0.25

	0.5
	0.41
	0.83
	0.59
	0.19

	1
	0.38
	0.78
	0.38
	0.19

	1.5
	0.37
	0.74
	0.34
	0.19

	2
	0.36
	0.63
	0.34
	0.19

	2.5
	0.35
	0.55
	0.34
	0.19

	3
	0.35
	0.51
	0.34
	0.19

	3.5
	0.35
	0.51
	0.34
	0.19

	4
	0.35
	0.51
	0.34
	0.19

	4.5
	0.35
	0.51
	0.34
	0.19

	5
	0.35
	0.51
	0.34
	0.19

	Note: Yellow highlighted cell marks DFS value at which Offset5%CDF is stable and matches Beam Peak Search Offset 5%CDF value (including beam steering assumptions) in Table 4.


While the previous results were for a fixed grid step size of Dq=Df=7.5° for the fine grid for all antenna configurations, the following investigations focus on fine measurement grid step sizes that match the minimum requirement of Table 4, i.e., Dq=Df=9° for 6x2 and Dq=Df=12° for 4x2 antenna configurations with a coarse measurement grid step size of Dq=Df=15° which matches the required minimum step size for spherical coverage test cases. 
For each coarse grid point within the DFS region, grid points on the fine grid within a conical region around the grid point are identified. Clearly, for the 6x2 and 4x2 configuration, the coarse and fine grid step sizes are no longer an integer multiple of each other and the previously used approach to select the 8 closest neighbours of the coarse grid point, Figure M.2.2-3 of [1], is no longer applicable. The most suitable approach is to pick fine grid points within conical regions around coarse grid points; this is further visualized in Figure 11 where three different conical regions are shown for a sample grid point with (half) angular width of {1, 1.5, 2}*step size of the respective fine grid points. The respective Offset5%CDF simulations for constant step size grids with different conical regions identifying fine grid points within the DFS region are presented in Table 7 through Table 10 for different antenna configurations and HPBWs. As in the previous section, the cells are marked where stable MUs are reached. It can be observed that when the conical regions identifying fine grid points within the DFS region match at least 1.5 times the angular separation between fine grid points, convergence can be observed for DFS less than the values tabulated in Table 2. 
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[bookmark: _Ref155622592]Figure 11: Visualization of conical regions matching {1, 1.5, 2} times the step size of fine grid points around a sample constant step size grid point, i.e., top (8x2): yellow: 7.5°, green: 11.25°, cyan: 15°, centre (6x2): yellow: 9°, green: 13.5°, cyan: 18°, bottom (4x2): yellow: 12°, green: 18°, cyan: 24°
[bookmark: _Ref155625496]Table 7: Coarse & fine beam peak search Offset5%CDF simulations for PC3 UE with 8x2 worst-case antenna configuration and HPBWs of 260°/130° with constant step size grids
	DFS [dB]
	Offset5%CDF [dB]

	Conical Region (Half Angle) around Coarse Grid Point
	15
	11.25
	7.5

	0
	0.50
	0.50
	0.55

	0.5
	0.41
	0.41
	0.47

	1
	0.38
	0.38
	0.43

	1.5
	0.37
	0.37
	0.41

	2
	0.36
	0.36
	0.39

	2.5
	0.36
	0.36
	0.39

	3
	0.36
	0.36
	0.39

	3.5
	0.36
	0.36
	0.39

	4
	0.36
	0.36
	0.39

	4.5
	0.35
	0.36
	0.39

	5
	0.35
	0.36
	0.39

	Note: Yellow highlighted cell marks DFS value at which Offset5%CDF is stable and matches Beam Peak Search Offset 5%CDF value (including beam steering assumptions) in Table 5.


Table 8: Coarse & Fine beam peak search Offset5%CDF simulations for PC3 UE with 8x2 worst-case antenna configuration and HPBWs of 90°/90° with constant step size grids
	DFS [dB]
	Offset5%CDF [dB]

	Conical Region (Half Angle) around Coarse Grid Point
	15
	11.25
	7.5

	0
	0.95
	0.95
	1.02

	0.5
	0.82
	0.83
	0.91

	1
	0.77
	0.78
	0.86

	1.5
	0.72
	0.74
	0.83

	2
	0.61
	0.62
	0.81

	2.5
	0.54
	0.55
	0.80

	3
	0.52
	0.52
	0.78

	3.5
	0.51
	0.51
	0.78

	4
	0.51
	0.51
	0.77

	4.5
	0.51
	0.51
	0.77

	5
	0.51
	0.51
	0.76

	Note: Yellow highlighted cell marks DFS value at which Offset5%CDF is stable and matches Beam Peak Search Offset 5%CDF value (including beam steering assumptions) in Table 5.


Table 9: Coarse & Fine beam peak search Offset5%CDF simulations for PC3 UE with 6x2 worst-case antenna configuration and HPBWs of 90°/90° with constant step size grids
	DFS [dB]
	Offset5%CDF [dB]

	Conical Region (Half Angle) around Coarse Grid Point
	18
	13.5
	9

	0
	0.95
	0.95
	1.01

	0.5
	0.71
	0.74
	0.78

	1
	0.52
	0.53
	0.72

	1.5
	0.49
	0.49
	0.61

	2
	0.49
	0.49
	0.56

	2.5
	0.49
	0.49
	0.53

	3
	0.49
	0.49
	0.51

	3.5
	0.49
	0.49
	0.50

	4
	0.49
	0.49
	0.50

	4.5
	0.49
	0.49
	0.49

	5
	0.49
	0.49
	0.49

	Note: Yellow highlighted cell marks DFS value at which Offset5%CDF is stable and matches Beam Peak Search Offset 5%CDF value (including beam steering assumptions) in Table 5.


[bookmark: _Ref155625509]Table 10: Coarse & Fine beam peak search Offset5%CDF simulations for PC3 UE with 4x2 worst-case antenna configuration and HPBWs of 90°/90° with constant step size grids
	DFS [dB]
	Offset5%CDF [dB]

	Conical Region (Half Angle) around Coarse Grid Point
	24
	18
	12

	0
	0.50
	0.60
	0.73

	0.5
	0.48
	0.49
	0.51

	1
	0.48
	0.49
	0.49

	1.5
	0.48
	0.49
	0.49

	2
	0.48
	0.49
	0.49

	2.5
	0.48
	0.49
	0.49

	3
	0.48
	0.49
	0.49

	3.5
	0.48
	0.49
	0.49

	4
	0.48
	0.49
	0.49

	4.5
	0.48
	0.49
	0.49

	5
	0.48
	0.49
	0.49

	Note: Yellow highlighted cell marks DFS value at which Offset5%CDF is stable and matches Beam Peak Search Offset 5%CDF value (including beam steering assumptions) in Table 5.


[bookmark: _Ref155627869]Observation 4: For constant-step size grids with non-integer multiples of coarse and fine step sizes, a good compromise between test time and convergence Offset5%CDF can be observed for the conical regions identifying fine grid points within the DFS region of at least 1.5 times the step size of the fine grid. 


Simulations of DFS with Constant-Density Grids with Random Orientations
Similar investigations for FS as in the previous section for the constant-density grid were considered. For the 8x2 antenna configuration, 800 min. unique grid points using the constant-density grid are required for the beam peak search while a min. of 200 unique grid points are required for the spherical coverage test as shown in Table 1. These two grids are illustrated together in Figure 12; the constant-density grid with 200 points is clearly not a subset of the fine grid with 800 points. Figure 13 shows the constant-density grid with 800 points with a manual down sampling approach to determine a constant-density subset of grid points by removing the grid points in the immediate vicinity of the grid point at (q,f)=(0°,0°) first. The second row of coarse grid points (circled in red) and the grid points in the immediate vicinity are shown as well. Clearly, two of the coarse grid points in the first row (circled with dashed lines) are spaced further apart than any of the other coarse grids points, i.e., a fine constant-density grid cannot readily be sub-sampled to another coarse constant-density grid. 
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[bookmark: _Ref152856350]Figure 12: Comparison of the constant-density grids with 800 (blue) and 200 (red) unique grid points.
[image: ]
[bookmark: _Ref152858230]Figure 13: Down sampling of constant-density grid with 800 grid points

Thus, a different approach is used instead. For this approach, the angular separation between a grid point and the 5 closest neighbours was determined for the respective coarse and fine grids first. For the 8x2, 6x2, and 4x2 antenna configurations, the angular separation for the grids with 800, 575, 310, and 200 grid points is visualized in Figure 14, i.e., the approximate angular separation between grid points is ~7.5° for the fine grid with 800 unique grid points, ~9° for the fine grid with 575 unique grid points, ~13° for the fine grid with 310 unique grid points, and ~15° for the coarse grid with 200 unique grid points which generally matches the step sizes of the grid points for the coarse and fine constant step-size grids. For each coarse grid point within the DFS region, grid points on the fine grid within a conical region around the grid point are identified. This approach to pick fine grid points within various conical regions around a sample coarse grid point is further visualized in Figure 15 where three different conical regions are shown for a sample grid point with (half) angular width of {1, 1.5, 2}*angular separation of the respective fine grid points. The respective Offset5%CDF simulations for constant-density grids with different conical regions identifying fine grid points within the DFS region are presented in Table 11 through Table 14 for different antenna configurations and HPBWs. As in the previous section, the cells are marked where stable MUs are reached. It can be observed that when the conical regions identifying fine grid points within the DFS region match at least 1.5 times the angular separation between fine grid points, convergence can be observed for DFS less than the values tabulated in Table 2. 
[bookmark: _Ref155627870]Observation 5: For constant-density grids, a good compromise between test time and convergence Offset5%CDF can be observed for the conical regions identifying fine grid points within the DFS region at least 1.5 times the angular separation between fine grid points. 
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[bookmark: _Ref153468053]Figure 14: Angular separation of grid points for the charged-particle constant-density grid
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[bookmark: _Ref153470164]Figure 15: Visualization of conical regions matching {1, 1.5, 2} times the angular separation of fine grid points around a sample constant-density coarse grid point, i.e., top (8x2): yellow: 7.5°, green: 11.25°, cyan: 15°, centre (6x2): yellow: 9.1°, green: 13.7°, cyan: 18.2°, bottom (4x2): yellow: 12.9°, green: 19.3°, cyan: 25.8°

[bookmark: _Ref153880477]Table 11: Coarse & Fine beam peak search Offset5%CDF simulations for PC3 UE with 8x2 worst-case antenna configuration and HPBWs of 260°/130° with constant density grids
	DFS [dB]
	Offset5%CDF [dB]

	Grid Type
	Constant-Density
	Constant Step

	Conical Region (Half Angle) around Coarse Grid Point
	15
	11.25
	7.5
	11.25

	0
	0.57
	0.60
	0.69
	0.50

	0.5
	0.38
	0.40
	0.44
	0.41

	1
	0.29
	0.31
	0.37
	0.38

	1.5
	0.26
	0.28
	0.33
	0.37

	2
	0.25
	0.26
	0.31
	0.36

	2.5
	0.24
	0.25
	0.29
	0.36

	3
	0.24
	0.24
	0.28
	0.36

	3.5
	0.24
	0.24
	0.28
	0.36

	4
	0.24
	0.24
	0.27
	0.36

	4.5
	0.24
	0.24
	0.27
	0.36

	5
	0.24
	0.24
	0.27
	0.36

	Note: Yellow highlighted cell marks DFS value at which Offset5%CDF is stable and matches Beam Peak Search Offset 5%CDF value (including beam steering assumptions) in Table 5.


Table 12: Coarse & Fine beam peak search Offset5%CDF simulations for PC3 UE with 8x2 worst-case antenna configuration and HPBWs of 90°/90° with constant density grids
	DFS [dB]
	Offset5%CDF [dB]

	Grid Type
	Constant-Density
	Constant Step

	Conical Region (Half Angle) around Coarse Grid Point
	15
	11.25
	7.5
	11.25

	0
	1.07
	1.09
	1.20
	0.95

	0.5
	0.90
	0.91
	0.97
	0.82

	1
	0.80
	0.82
	0.87
	0.77

	1.5
	0.66
	0.74
	0.83
	0.72

	2
	0.58
	0.62
	0.79
	0.61

	2.5
	0.54
	0.57
	0.76
	0.54

	3
	0.54
	0.54
	0.74
	0.52

	3.5
	0.53
	0.54
	0.72
	0.51

	4
	0.53
	0.53
	0.71
	0.51

	4.5
	0.53
	0.53
	0.69
	0.51

	5
	0.53
	0.53
	0.69
	0.51

	Note: Yellow highlighted cell marks DFS value at which Offset5%CDF is stable and matches Beam Peak Search Offset 5%CDF value (including beam steering assumptions) in Table 5.


Table 13: Coarse & Fine beam peak search Offset5%CDF simulations for PC3 UE with 6x2 worst-case antenna configuration and HPBWs of 90°/90° with constant density grids
	DFS [dB]
	Offset5%CDF [dB]

	Grid Type
	Constant-Density
	Constant-Step

	Conical Region (Half Angle) around Coarse Grid Point
	18.2
	13.7
	9.1
	13.5

	0
	0.99
	1.01
	1.04
	0.95

	0.5
	0.61
	0.75
	0.79
	0.74

	1
	0.50
	0.50
	0.62
	0.53

	1.5
	0.48
	0.48
	0.53
	0.49

	2
	0.48
	0.48
	0.50
	0.49

	2.5
	0.48
	0.48
	0.49
	0.49

	3
	0.48
	0.48
	0.48
	0.49

	3.5
	0.48
	0.48
	0.48
	0.49

	4
	0.48
	0.48
	0.48
	0.49

	4.5
	0.48
	0.48
	0.48
	0.49

	5
	0.48
	0.48
	0.48
	0.49

	Note: Yellow highlighted cell marks DFS value at which Offset5%CDF is stable and matches Beam Peak Search Offset 5%CDF value (including beam steering assumptions) in Table 5.


[bookmark: _Ref153880479]Table 14: Coarse & Fine beam peak search Offset5%CDF simulations for PC3 UE with 4x2 worst-case antenna configuration and HPBWs of 90°/90° with constant density grids
	DFS [dB]
	Offset5%CDF [dB]

	Grid Type
	Constant-Density
	Constant-Step

	Conical Region (Half Angle) around Coarse Grid Point
	25.8
	19.3
	12.9
	18

	0
	0.51
	0.58
	0.74
	0.60

	0.5
	0.50
	0.50
	0.51
	0.49

	1
	0.50
	0.50
	0.50
	0.49

	1.5
	0.50
	0.50
	0.50
	0.49

	2
	0.50
	0.50
	0.50
	0.49

	2.5
	0.50
	0.50
	0.50
	0.49

	3
	0.50
	0.50
	0.50
	0.49

	3.5
	0.50
	0.50
	0.50
	0.49

	4
	0.50
	0.50
	0.50
	0.49

	4.5
	0.50
	0.50
	0.50
	0.49

	5
	0.50
	0.50
	0.50
	0.49

	Note: Yellow highlighted cell marks DFS value at which Offset5%CDF is stable and matches Beam Peak Search Offset 5%CDF value (including beam steering assumptions) in Table 5.





Recommended Coarse&Fine Measurement Grid Parameters
The recommended measurement grid parameters for the coarse&fine beam peak search measurement grids are highlighted in Table 15 for the constant step-size grids and Table 16 for the constant-density grids. 
[bookmark: _Ref153883977]Table 15: Recommended measurement grid parameters for the constant step-size coarse&fine beam peak search measurement grids
	     Antenna
           Configuration
Fine Grid 
with Dq=Df [°]
	DFS [dB]

	
	8x2 (130x260)
	6x2 (90x90)
	4x2 (90x90)

	7.5 (Note 1)
	2.5
	1.5
	0.5

	9 (Note 2)
	
	1.5
	

	12 (Note 2)
	
	
	0.5

	Note 1: Local searches in the “fine search region” are performed on the 8 fine grid points surrounding each coarse grid point within the DFS region (Figure M.2.2-3 of [1]). 
Note 2: Local searches in the “fine search region” are performed on the fine grid points surrounding each coarse grid point within the DFS region that are within a conical region (half angle) of 1.5*step size of the fine grid. 



[bookmark: _Ref153884016]Table 16: Recommended measurement grid parameters for the constant-density coarse&fine beam peak search measurement grids
	        Antenna
                 Configuration
Grid Parameters
	8x2 (130x260)
	6x2 (90x90)
	4x2 (90x90)

	DFS [dB]
	3
	1.5
	0.5

	Min. Conical Region (Half Angle) Surrounding Coarse Gird Point to Identify Fine Grid Points [°]
	11.25
	13.7
	19.3


[bookmark: _Ref153885638]Proposal 1: Adopt the coarse&fine measurement grid parameters in Table 15 for the constant step-size grids and Table 16 for the constant-density grids.


Conclusion
The following observations and proposals were made in this contribution. 
Observation 1: The most efficient use of coarse & fine grids is to leverage a coarse measurement grid that satisfies the minimum requirements for the spherical coverage test case and perform the local searches with a fine measurement grid that satisfies the minimum requirements for the beam peak searches.
Observation 2: The simulations assuming the more realistic HPBW of 90°x90° suggest the same measurement grid MUs with and without beam steering assumptions.
Observation 3: The coarse&fine beam peak searches are shown to significantly reduce test time even for the simplest approximation.
Observation 4: For constant-step size grids with non-integer multiples of coarse and fine step sizes, a good compromise between test time and convergence Offset5%CDF can be observed for the conical regions identifying fine grid points within the DFS region of at least 1.5 times the step size of the fine grid.
Observation 5: For constant-density grids, a good compromise between test time and convergence Offset5%CDF can be observed for the conical regions identifying fine grid points within the DFS region at least 1.5 times the angular separation between fine grid points.
Proposal 1: Adopt the coarse&fine measurement grid parameters in Table 15 for the constant step-size grids and Table 16 for the constant-density grids.
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