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1 Introduction

This document provides an overview of the methodology used for Maximum Permissible
Exposure (MPE) compliance of the 5G mmWave radios on next generation iPad. In the mmWave
regime that this product will cover, the MPE is best represented by peak spatial-average power
density (psPD).

Due to the presence of multiple antenna arrays and multiple antenna beams for each antenna array,
we propose to use a combination of simulations and measurements to demonstrate MPE
compliance. At a high level, the discussion is grouped into the following topics:
e Brief introduction to MPE simulation methodologies
e Explanation of the approach to demonstrate MPE (psPD) compliance in a device using
measurements
¢ Brief review of the device configuration and operation, and detailed description of the
simulation methodology and results

2 MPE Simulation Methodology

3D full-wave simulation is used to evaluate MPE for each antenna array module’s beam. Each
beam is created by invoking a pre-defined codebook that has the proper array elements’ excitation
(i.e., magnitude and phase) to create the beam.

The following steps are taken to verify the validity of the model used for MPE simulations and
then the verified model is used for the MPE calculations:

1) EM Simulation:
e Import a CAD model that represents the actual product in the simulation tool
e Define material properties inside the product based on vendor’s inputs
e Perform mesh seeding and solve
2) Apply Codebook:
e Apply array elements’ excitation from the codebook and extract the fields
e (Codebook shows the magnitude and phase of each antenna element, which
determines each beam of the antenna array
e (Codebook is generated to automate the simulation for different beams
3) MPE Calculations:
e Post-process the extracted fields including averaging the power density on the
evaluation surface
e Averaging area is 4cm”2
e (alculate average power density (MPE)
4) Validate Simulation Model:
e Measure MPE
e (Compare measurement vs simulation
e Once a correlation is established, and model’s accuracy is verified, this model will
be used for computational MPE assessments
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Figure 1. Model validation workflow for MPE simulation and evaluation.

3 MPE Measurements

A mmWave DAE SN 1411 module from SPEAG is used to measure the MPE above the DUT.
Figure 2 shows the measurement setup. The mmWave E-field probe is used to measure the electric
field above DUT. The near-field magnetic field and MPE are further obtained using this setup. For
more details about the measurement algorithm, please refer to [1].

[1] S. Pfeifer , E. Carrasco, P. Crespo-Valero, E. Neufeld, S. Kuhn, T. Samaras, A. Christ, M. H. Capstick,
and N. Kuster, “Total field reconstruction in the near field using pseudo-vector E-field measurement,” /EEE
Trans. Electromagn. Compat., vol. 61, no. 2, pp. 476-486, Apr. 2019.
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Figure 2. A representation of the MPE measurement setup.

The distance from the probe sensor tip to the edge of the housing is 1.5 mm, and there is 0.5 mm
gap between the probe tip and the DUT surface to prevent any mechanical damages. Therefore,
the closest distance that the setup can measure is 2 mm as shown below in Figure 3.

I 0.5 mm
DUT
Figure 3. Schematic view of the probe showing that the minimum measurable distance is 2 mm.

4 MPE Simulations

In 5G, array antennas are designed to direct the beam to specific directions to improve link budgets.
Most arrays can be configured by using the codebook with each code resulting in a different
exposure. The number of codes in the codebook can be very large and measurements of all possible
configurations have been shown to be impractical. Therefore, simulation is used to determine the

configurations that result in the highest MPE.
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Simulation Models
Figure 4 shows a schematic view of the iPad. There are three antenna arrays located at the top left
corner, bottom right corner, and front. Arrays cover both horizontal and vertical polarizations.
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Figure 4. iPad schematic view (a) full view, (b) 5G arrays placement.

The measurements and simulations are correlated across different evaluation surfaces 2 mm away
from each DUT surface, as shown in Fig. 5 (drawing not to scale). Six surfaces will be evaluated,
respectively: front (S1), back (S2), left (S3), right (S4), top (S5), and bottom (S6). As Table 1
shows, for the three antenna modules, only the evaluation planes within 2.5 cm from the edges of
the antenna modules will be considered. This does not apply to the front-to-back condition since
the fields from the front module will be blocked at the back plane by the metal parts (such as
battery, MLB) in between.

The “left” and “right” edges in the report are defined relative to the front of the device.



Figure 5. Evaluation surfaces for MPE (PD).

Table 1. PD Evaluation planes (any distance less than 1 cm is reported as 0 cm).

Top Module Yes (0 cm) Yes (0 cm) Yes (0 cm) No (14 cm) | Yes (0 cm) | No (24 cm)
Bottom Module | Yes (0 cm) Yes (0 cm) No (14 cm) Yes (0 cm) | No (24 cm) | Yes (0 cm)
Front Module | Yes (0 cm) | Yes* (0 cm) No (17 cm) Yes (0cm) | No(7cm) |No (18 cm)

*MPE is reported but its value is very small because of the internal metallic objects’ blockage.

Peak Spatial-Average Power Density Definition
After solving the 3D full-wave electromagnetic simulation, various physical quantities can be

derived. To evaluate peak spatial-average power density, first, electric field E and magnetic field

H are needed to calculate Poynting vector, as shown below:

s-legw
2
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Having E and H values per mesh grid points from the simulation tool, we can calculate Sona
selected surface per each mesh grid point on that surface.

The peak spatial-average power density (psPD) on an evaluation area (A) can be calculated by
performing an averaging as described, below:

1 — — 1 — — —
PD = — Re(S) - dA|| = — Re(E x H*) - dA
psPD = 7 | 1IRe) Al = 3 | IIRe(Ex ") A

Where ||.|| is the norm operation. The evaluated area A is 4 cm?. To capture the worst-case
conditions (i.e., highest psPD), simulations and measurements were performed assuming a 100%
duty cycle.

Mesh and Convergence Criteria:

HFSS adapts the mesh based on the field gradient (variation) from one pass (iteration) to the next
pass. The adaptive meshing process continues until the scattering matrix convergence criteria, AS,
has achieved. Figure 6 is an example of the final adaptive mesh of a device. The simulation results
of this report are all calculated with a AS target of 0.02.

» 40 (mem)

Figure 6. Example of the adaptive mesh technique.

It is important to make sure the mesh is refined to capture MPE or power density, accurately. This
can be done by monitoring MPE levels vs different mesh densities, as Figure 7 depicts, showing
that a fine enough mesh is needed to guarantee that the simulation achieves converged and correct
results. The first row in Figure 7 is simulation with a coarse mesh, and the last row is with a fine
mesh. From the results we can see that for the third mesh, the simulated result is within 1% of the
result for the finest mesh. In these simulations, a refined mesh similar to the third row is applied
to ensure an accurate result with the shortest processing time.
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Figure 7. HFSS adaptive mesh shows that when the mesh is fine enough, MPE results will
converge.

Boundary Conditions:

The boundary condition for simulating electromagnetic behavior in HFSS is to allow the
electromagnetic waves to be electrically open at the boundary and radiated far away without
reflection. HFSS can support the absorption boundary condition (ABC) for radiation boundary and
normally requires a quarter-wavelength separation from the structure.

Source Excitation and Example Codebook:

Figure 8 shows an example of the codebook for the antenna modules. The first column of the
codebook is the beam ID. The other notable columns are “Amplitude” and “Phase” columns which
are the excitation amplitude and phase for each antenna element. Each beam has a “Paired with”
beam for concurrent MIMO streams. The last column is the index of the beam which is paired with
the index shown in the second column. The “Amplitude” is in dBm, and “Phase” is in degrees.



Band Beam_ID Module Ant_Group Subarray Ant Type Ant Feed Amplitude Phase Paired_with
260 7 1 0 0 PATCH 14;13 0;0 11.25;56.25 135
260 8 2 0 2 PATCH 9;10 0;0 168.75;0 136
260 9 2 0 2 PATCH 14;13 0;0 146.25;33.75 137
260 10 2 0 2 PATCH 14;13 0;0 146.25;168.75 138
260 11 0 0 4 PATCH 9;10 0;0 67.5;225 139
260 12 0 0 4 PATCH 9;10 0;0 123.75;135 140
260 13 0 0 4 PATCH 10;13 0;0 123.75;157.5 141
260 14 1 0 0 PATCH 14;13 0;0 180;11.25 142
260 15 1 0 0 PATCH 14;13 0;0 11.25;0 143
260 16 2 0 2 PATCH 14;13 0;0 236.25;67.5 144
260 17 2 0 2 PATCH 14;13 0;0 202.5;180 145
260 18 0 0 4 PATCH 13;14 0;0 33.75;0 146
260 19 0 0 4 PATCH 9;10 0;0 270;213.75 147
260 20 1 0 0 PATCH 14;13;9;10 0;0;0;0 101.25;225;180;0 148
260 21 1 0 0 PATCH 14;13;9;10 0;0;0;0 258.75;78.75;123.75;0 149
260 22 1 0 0 PATCH 14;13;9;10 0;0;0;0 11.25;270;33.75;0 150

Figure 8. An example version of the antenna codebook.

Averaging the Power Density for MPE:

Spatial averaging is needed to determine the MPE values from the Poynting vector (and power
density) simulation results over the 4 cm? area required by the FCC. Figure 9 illustrates how the
averaging is conducted in the post-processing.

Figure 9. Averaging power density of 4cm? area to get MPE results.
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S Uncertainty Budget for Simulation
Below is a table summarizing the budget of the uncertainty contributions of the numerical

algorithm and of the rendering of the simulation setup. The table was filled using the IEC 62704-
4 EDI.

Table 2 — Preliminary budget of the uncertainty contributions of the numerical

algorithm.

Uncertainty Subclause Probability Divisor C;2 Uncertainty %

component distribution f(d, h)!
Mesh resolution 5.1 Normal 1 1 0.6%
ABC 5.2 Normal 1 1 0.8%
Power budget 5.3 Normal 1 1 0.01%
Convergence 5.5 Rectangular 1,73 1 0.2%
DUT dielectrics 5.6 Normal 1 1 3.9%
Lossy conductors 5.7 Rectangular 1,73 1 1.2%
Combined standard uncertainty (k = 1) 6.71 %

Note I: The divisor is a function of the probability distribution and degrees of freedom (v; and vg¢f).
Note 2: c; is the sensitivity coefficient that is applied to convert the variability of the uncertainty component into a
variability of psPD.

6 Simulation versus Measurement

To validate the accuracy of the model, measured paired beam EIRP values for the three modules
were compared to the simulated EIRP for different paired beams at n261 band. In the entire report,
the evaluation versus measurement is performed at middle channel and excitation power per array
element at n261 band is 12 dBm and at n260 band, it is 11 dBm. The comparison is shown in Table
3, 4, 5. The third column presents the delta between the simulation and measurement results.
Looking at the tables, one can see that the correlation between the simulation and measurement
results are reasonable.



Table 3: EIRP comparison between simulation and measurement for “Top Module”.

To validate model’s accuracy for MPE calculations, the simulated and measured field distributions
for some selected beams from n261 band are shown in Figs. 10-12, below. The measurement data
was collected and provided. There is a reasonable agreement between the simulation and
measurement results. All plots are normalized to their own maximum and plotted in dB scale.
Please note that for top and bottom arrays, S3 and S4 power density values are very small compared
to the other presented surfaces. Also, S2, for the front array, has a very small value compared to
the other surfaces.
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Figure 10. Top array: simulated and measured power density at 2 mm away from DUT.
Measured max MPE from measurement is 6.28 mW/cm2, and from simulation is 7.91 mW/cm2
(scale: dB)




Bﬁ;m Surface Measured Power Density Simulated Power Density
S1
i ﬂ
s B
158
S2




S4

S6

.J

(

Figure 11. Bottom array: simulated and measured power density at 2 mm away from DUT.
Measured max MPE for measurement is 5.63 mW/cm2, and simulation is 8.17 mW/cm?2 (scale:
dB).
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Figure 12. Front array: simulated and measured power density at 2 mm away from DUT.
Measured max MPE for measurement is 6.45 mW/cm2, and simulation is 4.12 mW/cm?2 (scale:
dB).

In addition, measured and simulated MPE values for some selected beams are summarized below
in Tables 6-8.



Table 6: MPE from simulation and measurement for “Top Module” at n261.

Beam ID Simulation Measurement | Delta= Sim-Meas
(dBmW/cm”2) | (dBmW/cm"2) (dB)
23 10.4 8.17 2.18
24 10.46 7.27 3.19
37 10.55 7.24 3.31
38 10.46 7.8 2.66
150 8.98 7.98 1

Table 7: MPE from simulation and measurement for “Bottom Module” at n261.

Beam ID Simulation M easurement Delta= Sim-Meas
(dBmwW/cm”2) | (dBmW/cm"2) (dB)
27 10.47 8.61 1.86
28 10.35 7.89 2.46
29 10.44 8.56 1.88
40 10.52 7.92 2.6
158 9.12 7.51 1.61

Table 8: MPE from simulation and measurement for “Front Module” at n261.

Beam ID Simulation Measurement | Delta= Sim-Meas
(dBmW/cm”2) | (dBmW/cm"2) (dB)
31 7.9 6.59 1.31
44 6.15 8.1 -1.91
160 7.91 7.75 0.16
161 8.43 7.63 0.8
172 8.64 8.1 0.59

Looking at the delta between the simulation and measurement, there is a good correlation between
the simulation and measurement data for most of the beams. For a small portion of the beams the
delta between the simulation and measurement is slightly higher but still within a reasonable
margin. This delta is related to the measurement and simulation uncertainties. For example, we
suspect that the unavoidable coupling between the E-field probe and antenna when conducting
measurements, can play a role. To characterize the effect of measurement probe coupling,
simulations and measurements at increasing distances from the DUT were compared. As is shown
in Fig. 13, as the distance increases from 2 mm to 25 mm, the probe coupling effect decreases and
the measurement results converge with the simulation results.
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Figure 13. Simulation and measurement comparison with increasing distance from DUT, Front
Module at n261, Beam 31.

For n260 band, some selected beams are shown in Figs. 14-16, below. The measurement data was
collected and provided. There is a reasonable agreement between the simulation and measurement
results. All plots are normalized to their own maximum and plotted in dB scale. Similar to n261
band, please note that for top and bottom arrays, S3 and S4 power density values are very small
compared to the other presented surfaces. Also, S2, for the front array, has a very small value
compared to the other surfaces.
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Figure 14. Top array: simulated and measured power density at 2 mm away from DUT.
Measured max MPE from measurement is 6.59 mW/cm2, and from simulation is 7.4 mW/cm2
(scale: dB)
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Figure 15. Bottom array: simulated and measured power density at 2 mm away from DUT.
Measured max MPE for measurement is 4.56 mW/cm2, and simulation is 5.5 mW/cm2 (scale:

dB).
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Figure 16. Front array: simulated and measured power density at 2 mm away from DUT.
Measured max MPE for measurement is 3.31 mW/cm2, and simulation is 3.97 mW/cm?2 (scale:
dB).
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In addition, measured and simulated MPE values for some selected beams at n260 are summarized
below in Tables 9-11.

Table 9: MPE from simulation and measurement for “Top Module” at n260.

Beam ID Simulation Measurement | Delta= Sim-Meas
(dBmW/cm”™2) | (dBmW/cm"2) (dB)
39 8.08 6.88 12
151 7.56 7.16 0.4
153 7.4 6.59 0.81
166 7.56 7.38 0.18
167 7.71 7.3 0.41

Table 10: MPE from simulation and measurement for “Bottom Module” at n260.

Beam ID Simulation Measurement | Delta= Sim-Meas
(dBmW/cm”™2) | (dBmW/cm"2) (dB)
29 7.47 7.08 0.39
30 7.64 5.59 2.05
156 75 7.68 -0.2
158 7.75 6.82 0.93
170 7.65 7.3 0.35

Table 11: MPE from simulation and measurement for “Front Module” at n260.

Beam ID Simulation Measurement | Delta=Sim-Meas
(dBmwW/cm™2) | (dBmW/cm”2) (dB)
31 6.97 4.1 2.87
44 5.93 5.19 0.74
161 6.76 7.14 -0.38
173 6.73 6.53 0.2
174 6.77 6.65 0.12
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Appendix A: Worst Phase Derivation for Beam Pair

For beam pairs, since the relative phase between two beams is unknown, so finding the worst-
case power density by sweeping the relative phase for all possible angles is required for
conservative assessments.

Assuming E-field and H-field for beam ID a are {Ex a, Ey a, Ez a} and {Hx a, Hy a,Hz a},
respectively; for beam pair which is ID b is {Ex b,Ey b,Ez b} and {Hx b,Hy b,Hz b},
respectively. The relative phase between beam a and b is 0, the combined E and H field after
beam pairing is:

Ex_pair i(0) = Ex_a+ Ex_b xei®?

Ey pair i(0) =Ey a+ Ey b xei®?

Ez pair i(0)=Ez a+ Ez b xed®?

Hx_pair i(0) = Hx_a+ Hx b xe7°®
Hy pair i(0) = Hy a+ Hy b xe7°®
Hz pair i(0) =Hz a+ Hz b xei®®
The beam pair Poynting vector can be calculated as:
Sx_pair 1(0) =0.5xEy pair i(0)xHz pair i(0)* - 0.5xEz_pair i(0)xHy pair i(0)*
Sy pair 1(0) = 0.5xEz_pair 1(0)xHx pair 1(0)* - 0.5xEx_pair i(0)xHz_pair i(0)"
Sz pair i(0) = 0.5xEx_pair i(0)xHy pair 1(0)* - 0.5xEy_pair i(0)xHx pair i(0)*
The local power density per gird point (PD) for the beam pair can be calculated as:

PD(0) = [Re(Sx_pair_i(0)))? + (Re(Sy_pair_i(0)))?> + (Re(Sz_pair_i(0)))*]"?

One can sweep 0 from 0 to 360 degrees to find the worst-case situation (highest PD).
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Appendix B: 4 cm? Averaged PD and Scaling Factor

4 cm? Averaged PD: The following tables show the simulated averaged PD over 4cm”2 area
(i.e., psPD) results for all three different modules, at both band n261 and band n260. The data is
provided for single polarization and paired beams.



Data for Single Polarization Beams:
a) Simulated psPD (mW/cm?) with 4 cm? averaging for top module at n261

Module | Channel MB
BeamiD | S1 | S2 | S3 | S5 | S1 | 2 [ S8 [ S5 | S1 | 2 | 3 | 5
0 096 | 1.04 | 008 | 285 | 091 | 098 | 0.07 | 278 | 091 | 1 | 0.08 | 2.88
1 092 | 099 | 008 | 283 | 087 | 095 | 01 | 278 | 0.86 | 093 | 0.1 | 281
6 236 | 215 | 032 | 557 | 241 | 213 | 03 | 554 | 242 | 214 | 031 | 561
7 226 | 258 | 002 | 6.75 | 219 | 253 | 0.04 | 6.69 | 202 | 233 | 0.06 | 6.35
8 21 | 229 | 006 | 523 | 213 | 227 | 005 | 522 | 208 | 219 | 0.03 | 5.05
15 27 | 272|014 | 661 | 262 | 262 | 012 | 633 | 241 | 242 | 011 | 5.77
16 149 | 1.79 | 014 | 524 | 149 | 1.87 | 019 | 55 | 154 | 1.83 | 0.24 | 585
21 314 | 266 | 072 | 781 | 362 | 3 | 079 | 874 | 406 | 337 | 0.94 | 9.78
22 | 489 | 468 | 033 |11.04 | 463 | 422 | 0.32 | 1061 | 4.34 | 3.88 | 0.27 | 10.09
23 | 424 | 451 | 023 [11.25| 431 | 475 | 024 | 115 | 403 | 451 | 0.23 | 11.01
24 | 392 | 463 | 015 [10.75| 412 | 475 | 021 | 11.29 | 4.06 | 462 | 0.29 | 11.15
25 302 | 34 | 03 | 844 | 324 | 366 | 0.34 | 922 | 347 | 393 | 037 | 962
35 | 464 | 418 | 0.77 | 1081 | 469 | 427 | 08 | 10.8 | 455 | 3.96 | 0.76 | 10.19
36 | 455 | 455 | 0.21 |11.21| 44 | 441 | 029 | 11.08| 425 | 43 | 0.34 | 10.88
on 37 | 422 | 482 | 016 | 1099 | 428 | 491 | 015 | 11.23 | 405 | 452 | 0.12 | 10.63
Module, 38 337 | 401 | 026 | 928 | 363 | 419 | 033 | 10.11| 3.81 | 441 | 0.38 | 10.75
n261 128 | 083 | 084 | 021 | 28 | 071 | 074 | 018 | 241 | 065 | 0.7 | 0.16 | 219
129 | 094 | 097 | 013 | 313 | 086 | 09 | 0.12 | 284 | 0.78 | 0.84 | 0.09 | 261
134 | 193 | 162 | 004 | 491 | 1.9 | 154 | 004 | 461 | 1.8 | 147 | 0.04 | 441
135 | 147 | 196 | 073 | 615 | 1.4 | 1.84 | 067 | 587 | 1.33 | 1.78 | 0.62 | 561
136 | 147 | 1.94 | 021 | 496 | 143 | 191 | 022 | 488 | 1.44 | 1.87 | 02 | 485
143 | 1.77 | 147 | 045 | 571 | 1.71 | 14 | 041 | 538 | 1.65 | 1.36 | 0.39 | 5.19
144 | 168 | 218 | 042 | 544 | 163 | 211 | 039 | 529 | 151 | 202 | 0.36 | 5.02
149 35 | 331 | 004 | 824 | 347 | 334 | 0.04 | 806 | 341 | 342 | 003 | 7.89
150 | 421 | 336 | 028 | 937 | 41 | 336 | 025 | 915 | 3.89 | 329 | 0.27 | 8.89
151 | 353 | 299 | 1.21 1028 | 351 | 302 | 1.1 |1024| 35 | 296 | 1.01 | 10.19
152 | 347 | 51 | 149 |1155| 321 | 48 | 141 | 1084| 3 | 46 | 117 | 10.18
153 | 336 | 432 | 058 | 861 | 322 | 402 | 05 | 865 | 31 | 375 | 047 | 812
163 | 381 | 334 | 014 | 827 | 375 | 341 | 011 | 811 | 364 | 3.38 | 0.11 | 7.94
164 | 4.89 | 311 | 021 | 10.97 | 465 | 3.07 | 02 | 1049 | 445 | 353 | 0.18 | 10.06
165 | 3.08 | 434 | 206 | 11.14 | 282 | 412 | 1.9 | 1039| 261 | 3.99 | 1.68 | 9.86
166 | 343 | 477 | 083 | 92 | 32 | 447 | 079 | 856 | 303 | 42 | 0.71 | 7.91




b) Simulated

sPD (mW/cm?) with 4 cm’ averaging for bottom module at n261

g

Module | Channel LB MB HB
BeamlD | S1 S2 A S6 S1 S2 A S6 S1 S2 A S6
2 104 | 102 | 011 | 304 | 109 | 105 0.1 | 313 | 1.07 | 099 | 0.12 | 3.09
3 092|099 | 008 | 283 | 087 |09 | 01 | 278 | 08 | 093 | 01 | 281
9 236 | 215|032 | 557 | 241 | 213 | 03 | 554 | 242 | 214 | 031 | 561
10 238 | 267 | 001 | 686 | 237 | 26 | 002 | 6.75 | 209 | 238 | 0.04 | 6.32
11 138 | 155|019 | 514 | 1.32 | 162 | 026 | 525 | 146 | 161 | 0.32 | 5.68
17 27 | 272 1 014 | 661 | 262 | 262 | 012 | 633 | 241 | 242 | 0.11 | 577
18 21 | 229 | 006 | 523 | 213 | 227 | 0.05 | 522 | 208 | 219 | 0.03 | 5.05
26 347 | 296 | 0.76 | 844 | 406 | 3.41 | 083 | 938 | 443 | 3.73 | 0.97 | 10.2
27 474 | 453 | 068 | 1095 | 466 | 43 | 0.68 | 1059 | 432 | 3.76 | 0.61 | 10.15
28 418 | 455 | 024 | 11.01| 419 | 478 | 0.24 | 11.27| 4 449 | 0.2 |10.77
29 374 | 44 | 021 |1034| 4 467 | 023 | 10.76 | 405 | 481 | 0.32 | 11.26
30 299 | 3391031 | 844 | 323 | 37 | 029 | 895 | 349 | 401 | 0.33 | 9.87
39 417 | 363 | 0.76 | 9.76 | 446 | 3.82 | 0.83 | 10.24 | 446 | 3.78 | 0.87 | 10.17
40 463 | 455 | 0.17 | 11.03 | 444 | 422 | 0.27 | 1067 | 431 | 4.07 | 0.34 | 10.64
Beae 41 377|451 | 0.16 | 1031 | 398 | 464 | 0.22 | 1085 | 392 | 451 | 0.31 | 10.75
Module, 42 321|372 | 027 | 892 | 346 | 393 | 032 | 978 | 369 | 42 | 0.36 | 10.58
n261 130 08308 | 016 | 274 | 09 | 091 | 016 | 289 | 089 | 09 | 0.15 | 2.87
131 094|097 | 013 | 313 |08 | 09 | 012 | 284 | 0.78 | 0.84 | 0.09 | 261
137 195 | 159 | 0.07 | 502 | 1.85 | 151 | 007 | 47 | 175 | 144 | 007 | 45
138 14 | 187 | 073 | 604 | 1.21 | 1.75 | 066 | 549 | 1.17 | 1.69 | 0.61 | 531
139 173 195|024 | 489 | 168 | 1.89 | 0.21 | 472 | 159 | 1.8 | 0.18 | 4.46
145 177 | 147 | 045 | 571 | 1.71 | 14 | 041 | 538 | 1.65 | 1.36 | 0.39 | 5.19
146 136|197 | 031 | 532 | 137 | 194 | 031 | 524 | 1.39 | 192 | 0.29 | 5.24
154 34 | 33 | 006 | 827 | 335|332 | 005 | 806 | 3.29 | 3.26 | 0.03 | 7.89
155 36 | 33 | 036 | 949 | 356 | 331 | 034 | 928 | 338 | 324 | 0.34 | 9.04
156 401 | 335 | 0.79 | 1068 | 404 | 33 | 0.74 | 10.39 | 3.94 | 3.23 | 0.67 | 10.15
157 352|512 | 1.29 | 11.33| 334 | 488 | 1.18 | 1059 | 3.11 | 467 | 1.12 | 9.92
158 336 | 432 | 058 | 861 | 322 | 402 | 05 | 865 | 31 | 375 | 047 | 812
167 371 | 33 | 023|834 | 377|336 | 018 | 817 | 363 | 3.32 | 019 | 7.99
168 484 | 375 | 019 | 1089 | 473 | 358 | 019 | 104 | 442 | 346 | 0.2 | 9.96
169 218 | 284 | 1.75 | 887 | 255 | 272 | 161 | 934 | 265 | 267 | 1.51 | 9.39
170 338|462 | 069 | 943 | 321 | 432 | 066 | 874 | 3.03 | 405 | 0.62 | 8.65




c) Simulated psPD (mW/cm?) with 4 cm? averaging for front module at n261

Module | Channel LB MB HB

BeamID| S1 | S2 | A4 | S1 | S2 | A | S1 | S2 | A

4 162003028 2 |002| 04 | 249 | 0.02 | 0.48

5 1431003|029| 2 |004| 046|241 | 0.04 | 0.56

12 357|008 08 | 421 006|091 |495|0.06  1.07

13 381|008 |066|381|006|0.68| 426 | 0.06  0.73

14 359|005|045|336|004|045|362|0.04 | 051

19 366 | 0.09|0.74| 3.86 | 0.07| 0.78 | 436 | 0.07 | 0.83

20 3791006049 | 35 | 003|055|387|0.04| 064

31 507| 01 |117|624|014|135| 76 | 017 | 16

32 502|014 | 1.2 |593| 01 |118|6.85| 01 | 125

33 498 | 01 | 092|428 |0.09 097|457 01 |1.07

34 425| 01 |0.78 528|008 127 | 64 | 011 | 1.47

43 5141014 | 1.2 | 613 015|127 | 7.39|0.18 | 1.46

Front 44 |447[012]102[439] 01 |1.18]6.02| 0.09 | 1.08

Array, 45 521|012 086|479 008|106 |55 01 |1.36

n261 132 195|004 |045| 24 | 004 | 055|232 | 0.03| 0.51

133 14 1 003]|026|163|003|033]|189|0.03]|0.37

140 298| 005| 05 | 406 |007|0.71|463|007| 0.7

141 376|007 | 06 |477)|007|081|471|007|084

142 2871006 |052|329 005|066 |3.76|0.05|0.76

147 3471005 05 | 461 |007|0.75|4.78|0.08|0.76

148 3721008 |071| 45 | 0.09|0.88|4.34 | 0.09 | 0.86

159 529|012 |141|577012|149| 65 | 013 | 1.18

160 5071008|09|673|009|118|736| 0.1 | 144

161 5571009084 |692009|127 719|013 | 142

162 467|018 | 1.08 | 517|017 118528014 | 12

171 526|009 113|641 013|133 |6.89| 013|152

172 595/ 01 082|718 011|119 7.74|0.09 | 1.39

173 493 |0.15|0.87 591|016 | 117 | 6.09 | 0.15 | 1.27




d) Simulated psPD (mW/cm?) with 4 cm? averaging for top module at n260

Module | Channel LB MB HB

BeamID | S1 S2 S3 S5 S1 S2 S3 S5 S1 S2 S3 S5

062 | 065 | 005 | 1.74 | 048 | 0.69 | 0.04 | 1.45 | 0.26 | 0.73 | 0.05 | 1.39

051|058 | 004 | 151|033 | 053|004 | 118|017 | 057 | 0.02 | 0.98

6 113|101 | 02 | 318 | 116 | 1.06 | 0.09 | 298 | 1.27 | 0.84 | 0.17 | 2.65

7 13310971012 | 331 | 14 | 114|014 | 331|136 | 0.7 | 0.12 | 2.83

8 104 | 087 | 008 | 292 | 1.26 | 0.76 | 0.15 | 283 | 0.88 | 0.61 | 0.06 | 1.93

15 121|075 | 02 | 32 | 124|088 | 014 | 294 | 1.27 | 062 | 0.17 | 254

16 141|117 | 01 | 341 | 153 | 135 | 013 | 352 | 144 | 0.86 | 0.09 | 3.09

21 306 | 311 | 008 | 634 | 325 | 297 | 0.09 | 599 | 211 | 254 | 0.16 | 5.08

22 212 | 19 | 026 | 564 | 218 | 1.97 | 017 | 552 | 1.78 | 1.09 | 0.42 | 3.46

23 1551099 | 032|401 |161|128| 031|335 | 181 | 13 | 023 | 3.32

24 16 | 149 | 027 | 406 | 276 | 222 | 0.37 | 544 | 1.88 | 1.15 | 0.1 | 349

25 266 | 246 | 013 | 547 | 313 | 25 | 014 | 577 | 268 | 209 | 0.17 | 4.9

36 274 | 273 | 016 | 6.36 | 265 | 245 | 0.08 | 566 | 1.63 | 213 | 0.22 | 3.8

37 16 | 135033 | 412 | 172 | 174 | 026 | 412 | 18 | 091 | 04 | 331

Top 38 144 1118 | 026 | 359 | 213 | 14 | 04 | 412 | 169 | 1.25 | 013 | 321

Module, 39 197 | 189 | 018 | 391 | 299 | 249 | 021 | 641 | 225 | 1.36 | 0.15 | 4.03

n260 128 | 0.76 | 0.75 | 0.05 | 213 | 0.65 | 0.55 | 0.06 | 1.66 | 0.45 | 0.35 | 0.06 | 1.11

129 064 | 0.71 | 0.05 2 078 | 056 | 005 | 1.81 | 051 | 031 | 004 | 11

134 11 | 098 | 02 |38 | 069 |08 | 018 | 276 | 081 | 082 | 01 | 203

135 139|145 013 | 373|134 | 12 | 016 | 319 | 085 | 087 | 01 | 225

136 165|187 | 0.04 | 428 | 1.65 | 1.59 | 0.03 | 391 | 1.04 | 1.04 | 0.05 | 2.89

143 13 | 129|017 | 363 | 123 | 104 | 02 | 295 | 083|078 | 012 | 21

144 144 | 153|011 | 378 | 14 | 13 | 014 | 333 | 089 | 09 | 0.09 | 237

149 271 1308|029 | 764 | 191 | 203 | 025 | 536 | 1.44 | 156 | 0.19 | 3.8

150 267 | 269 | 012 | 759 | 22 | 156 | 0.28 5 149 | 14 | 01 | 291

151 25 | 249 | 034 | 755 | 229 | 1.73 | 045 | 553 | 149 | 168 | 0.22 | 441

152 265|284 | 036 | 675 | 243 | 241 | 031 | 585 | 131 | 14 | 011 | 3.93

153 238 | 254 | 009 | 665 | 198 | 1.84 | 013 | 529 | 151 | 15 | 018 | 3.71

164 259 | 257 | 039 | 7.7 | 194 | 166 | 029 | 413 | 1.03 | 164 | 0.22 | 3.24

165 26 | 266 | 015 | 7.72 | 221 | 168 | 0.33 | 467 | 1.54 | 1.61 | 0.11 | 3.51

166 217 | 245 | 044 | 733 | 231 | 213 | 039 | 596 | 1.38 | 144 | 0.2 | 4.2

167 263 | 29 | 016 | 668 | 28 | 251 | 013 | 6.12 | 1.46 | 1.64 | 0.09 | 3.89




e) Simulated psPD (mW/cm2) with 4 cm2 averaging for bottom module at n260

g

Module | Channél LB MB HB
BeamiD | S1 | 2 | A | 6 | S1 | 2 [ 4 | s6 | S1 | 2 [ 4 | <6
2 074 | 053 | 006 | .73 | 098 | 051 | 005 | 1.88 | 1.11 | 024 | 01 | 1.71
3 051 | 058 | 004 | 151 | 033 | 053 | 004 | 1.18 | 0.17 | 057 | 0.02 | 0.98
9 12 | 113|018 | 324 | 128 | 1.12 | 0.08 | 3.07 | 1.29 | 098 | 0.15 | 2.87
10 133 [ 097 [ 012 | 331 | 14 | 114 | 014 | 331 | 136 | 07 | 012 | 2.83
11 108 | 086 | 007 | 295 | 1.3 | 08 | 014 | 288 | 0.89 | 0.63 | 0.06 | 2.02
17 12 | 075|021 | 321|117 | 088 | 013 | 291 | 1.24 | 064 | 0.18 | 253
18 147 | 123 | 008 | 345 | 156 | 1.42 | 012 | 357 | 1.46 | 091 | 0.09 | 317
26 302 324|013 ]637|304] 295|009 |57 | 204 | 25 | 015 | 5.16
27 228 | 224 | 022 | 558 | 23 | 223 | 013 [ 549 | 1.7 | 1.34 | 038 | 3.63
28 171 | 116 | 032 | 438 | 162 | 1.46 | 033 | 364 | 1.85 | 1.21 | 0.31 | 357
29 153 | 1.4 | 027 | 404 | 252 | 187 | 045 | 5 | 179 | 1.18 | 0.09 | 327
30 22 | 205|011 | 483 | 31 | 27 | 017 | 573 | 251 | 1.77 | 018 | 4.45
40 291 | 308 | 013 | 645 | 27 | 258 | 007 | 572 | 1.84 | 209 | 013 | 5.13
41 171 | 158 | 03 | 503 | 1.82 | 1.81 | 026 | 534 | 1.84 | 091 | 0.43 | 352
Bottom 42 155 | 12 | 023 | 38 | 215 | 138 | 042 | 418 | 1.71 | 1.25 | 014 | 332
Module, 43 191 | 1.73 | 021 | 352 | 295 | 247 | 028 | 569 | 215 | 1.3 | 013 | 384
n260 130 06 | 066 | 0.06 | 1.83 | 056 | 059 | 0.05 | 1.57 | 0.38 | 055 | 0.01 | 1.25
131 | 064 | 071 |005| 2 [ 078 ] 056 | 005 | 1.81 | 051 | 0.31 | 0.04 | 11
137 127 | 131 | 011 | 383 | 1.09 | 1.13 | 0.09 | 3.06 | 092 | 0.96 | 0.04 | 2.23
138 137 | 14 | 015 | 371|131 | 115 | 018 | 312 | 083 | 0.85 | 0.11 | 2.19
139 164 | 178 | 002 | 427 | 161 | 16 | 002 | 39 | 1.04 | 1.05 | 0.05 | 2.89
145 13 | 129 [ 017 | 363 | 123 | 104 | 02 | 295 | 083 | 078 | 0.12 | 21
146 142 | 149 | 012 | 374 | 138 | 1.25 | 016 | 3.26 | 086 | 088 | 0.1 | 2.31
154 | 256 | 258 | 041 | 755 | 1.92 | 1.8 | 029 | 467 | 1.45 | 1.84 | 0.19 | 4.18
155 269 | 271 | 017 | 768 | 223 | 165 | 026 | 5 | 145 | 142 | 017 | 2.88
156 26 | 26 | 031 | 767 | 234 | 186 | 041 | 556 | 1.53 | 1.67 | 0.22 | 4.48
157 247 | 255 | 045 | 667 | 231 | 21 | 04 | 563 | 1.36 | 145 | 0.14 | 4.18
158 271 | 299 | 008 | 664 | 213 | 22 | 009 | 544 | 089 | 146 | 0.16 | 3.76
168 265 | 256 | 043 | 755 | 207 | 151 | 03 | 463 | 1.11 | 147 | 018 | 255
169 266 | 276 | 014 | 788 | 23 | 184 | 032 [ 553 | 1.59 | 1.61 | 011 | 41
170 224 | 222 | 042 | 697 [ 219 | 19 | 04 | 587 | 143 | 157 | 02 | 423
171 253 | 29 | 023|664 | 221|241 ] 018|534 | 142|139 | 01 | 384




1) Simulated psPD (mW/cm2) with 4 cm2 averaging for front module at n260

g

Module | Channel LB MB HB
BeamiD | SI | &2 | &4 | SL | &2 | S4 | S1 | &2 | <4
4 | 162|001 | 038 | 135 | 002 | 033 | 146 | 001 | 0.34
5 [102| 003 | 027 | 115 | 002 | 031 | 128 | 001 | 0.34
12 [277] 004 | 056 | 244 | 002 | 038 | 22 | 0.03 | 0.39
13 [283] 004 | 083 | 2 | 004 | 064 | 282 | 005 | 087
14 [267] 004 | 034 | 285 | 003 | 045 | 272 | 0.03 | 0.32
19 [316] 003 | 092 | 206 | 0.04 | 0.75 | 302 | 0.03 | 0.95
20 | 238 004 | 051 | 235 | 003 | 036 | 217 | 0.04 | 047
31 |507| 01 | 116 | 42 | 007 | 092 | 411 | 006 | 051
32 | 518| 005 | 1.96 | 403 | 0.04 | 1.69 | 423 | 0.04 | 1.06
33 |506| 007 | 181 | 39 | 006 | 145 | 57 | 004 | 161
3 | 38| 009 | 073|353 | 005 | 089 | 364 | 01 | 116
35 | 413| 008 | 063 | 404 | 004 | 0.64 | 378 | 0.08 | 0.7
44 498|009 | 14 | 388 | 005 | 1.1 | 373 | 007 | 0.79
45 | 492| 006 | 1.96 | 438 | 005 | 1.76 | 436 | 0.03 | 1.63
Front 46 | 447|007 | 125 | 341 | 01 | 1.09 | 491 | 007 | 152
Module,| 47 |401| 01 | 082 | 387 | 005 | 0.84 | 366 | 01 | 0.93
n260 132 [142] 001 | 03 | 121 | 0.02 | 028 | 1.24 | 0.01 | 0.28
133 [173] 002 | 029 | 1.18 | 001 | 017 | 1.06 | 0.01 | 017
140 [237] 004 | 042 | 231 | 003 | 029 | 241 | 0.02 | 0.28
141 [217| 002 | 048 | 204 | 003 | 058 | 212 | 0.02 | 0.71
142 (289 0.04 | 067 | 234 | 0.02 | 049 | 274 | 0.02 | 048
147 [213] 003 | 041 | 1.93 | 004 | 045 | 1.87 | 0.03 | 051
148 [256| 001 | 07 | 219 | 002 | 07 | 256 | 0.01 | 0.79
159 [443] 005 | 092 | 3 | 005 | 067 | 286 | 0.09 | 0.89
160 |403| 004 | 09 | 391 | 005 | 1.07 | 376 | 005 | 1.21
161 |462| 004 | 115 | 463 | 007 | 119 | 436 | 0.02 | 1.28
162 |453| 006 | 11 | 456 | 004 | 1.05 | 477 | 004 | 1.02
163 [372| 006 | 057 | 28 | 0.05 | 059 | 441 | 0.08 | 0.46
172 [471] 005 | 097 | 338 | 0.05 | 08 | 334 | 0.08 | 115
173 [ 442 004 | 107 | 459 | 007 | 1.27 | 443 | 002 | 1.27
174 [ 456| 0.05 | 1.06 | 459 | 0.06 | 1.05 | 46 | 0.03 | 13
175 [422] 007 | 095 | 47 | 007 | 087 | 452 | 0.06 | 0.71




Data for Paired Beams:
a) Simulated psPD (mW/cm?) with 4 cm? averaging for top module at n261

Module Channel LB MB HB
Beam | Beam
|D1|D2818283858182838581828385
0 128 | 217|205| 0.3 ({6.25]198|187|027|571|1.87|187|0.28 |557
1 129 [201|204|019(6.22|183|201| 02 |587|1.76|205| 0.2 | 584
6 134 4551412039 |115|439|398|0.37|109|4.24| 39 | 036 | 10.5
7 135 [458|499|082(133|439|484|0.75|127| 41 455|073 | 121
8 136 | 3.71|507|029|11.1|374|475|0.27| 106 | 3.76 | 4.32| 0.24 | 10.3
15 143 | 597 |498|053|135|563|4.84|051|127|519|464|0.48 | 117

M-cl)-gllj)le 16 144 |13.18| 38 |0.69|10.2|335|384|063| 10 |3.37|394 | 0.67 | 10.6

n261, 21 149 581537084 | 17 |6.26 | 561|097 | 17.7|6.58|597|1.09 | 181
22 150 | 948 |797|047|21.7|881|7.33|047|20.3|845|6.66| 0.55|19.8
23 151 |7.99|751|141(223|765|796|128|215|7.34 782|118 205
24 152 [6.91|946|184(21.2|6.89|9.03|179|19.8|6.89|895|1.79| 19
25 153 |6.37|844|119(172|6.36|7.99|102| 16.7|6.29|6.38|0.99 | 17.1
35 163 [8.22|6.84|093|19.7|843| 6.9 [095| 19.5|8.07| 652 | 0.86 | 18.9
36 164 |10.1|793|055(245|941|797|068|23.2|886|792|0.74|219
37 165 |[6.45|809|218(195|6.22|6.89|205|19.7| 6 |655|195|188
38 166 |[6.87|1925|148(19.1|6.76 877 | 14 | 18.6|6.65|849|1.38| 184




b) Simulated psPD (mW/cm?) with 4 cm? averaging for bottom module at n261

g

Module Channel LB MB HB
Beam | Beam
D1 | Do | SL|S2|S4|S6|Sl|S2|4|S6|Sl|R| |6
2 | 130 |204|223|028]649 211|219 025]6.29 207 | 211 | 0.27 | 6.13
3 | 131 |201|204|019]622|183|201| 02 |587|1.76|205| 02 | 5.84
9 | 137 |4.71|395|038| 115|447 |3.84|036| 11 |432|3.78| 0.36 | 10.6
10 | 138 | 497|518 079|135 4.78 | 509 | 0.73 | 129 | 441 | 471 | 0.71 | 12.1
11 | 139 |333|3.79|057|9.95| 351 |3.75| 054 | 9.92 | 349 | 3.82| 0.6 | 10.4
17 | 145 | 597 | 498|053 | 135|563 | 484 | 051 | 12.7 | 5.19 | 4.64 | 048 | 11.7

,5.253{2 18 | 146 | 385|514 |035|11.6| 39 |475|032|11.2| 39 |463| 03 | 11

61 | 26 | 154 | 629 (545|096 |17.7|6.79 586|104 | 184| 7.1 |6.13| 113|188
27 | 155 | 896 |8.14|095|21.3|878|7.87|087|20.7|837|7.35| 08 | 19.9
28 | 156 |8.77 | 827|099 | 229849 (873| 09 | 22 | 826|874 084 20.8
29 | 157 | 662|917 |1.83|196| 653|816 1.7 | 18.7 | 639|811 | 1.71 | 19.4
30 | 158 | 6.4 817|114 172|613 | 743|096 162 | 6.01 | 6.44 | 0.93 | 17.1
39 | 167 | 757 /611|092 19 | 7.75 | 6.42 | 0.96 | 195 | 7.67 | 6.45 | 0.98 | 19.4
40 | 168 | 9.99 | 7.81|0.49 | 235|941 | 7.48| 059 | 22.2 | 883 | 7.26 | 0.68 | 21.4
41 | 169 |7.12|818198|19.7 | 7.61|862|1.93 | 20.1 | 7.87 | 8.66 | 1.86 | 20.1
42 | 170 | 672|878 134|183 | 654 | 824|119 179|637 | 7.31| 1.18 | 17.5




c) Simulated psPD (mW/cm?) with 4 cm? averaging for front module at n261

Module Channel LB MB HB
Beam | Beam
D1 | D2 | S| S2 | S4|SL|s2|s4|Sl|s2| 4
4 | 132 [471]0111.12]509]0.09|1.23|5.65|0.08 | 1.12
5 | 133 (334 01 |075|4.16| 0.1 | 1.01 | 4.98|0.09 | 1.06
12 | 140 [733/018|149|861|013|172|102|015|1.81
13 | 141 | 79 (014|154 |857|0.17|162|9.46|0.19 | 1.66
14 | 142 [4.78|011]091|5.27|0.09| 114 | 5.65|0.09 | 1.42

Front [ 19 | 147 [759|0.16|1.69|859|0.18|1.85| 99 | 0.18 | 1.89

Mr?zdé‘ie’ 20 | 148 | 81 |015(1.39|7.94|0.13| 164 | 889|013 184
31 | 159 [10.7|023|259|138]031]3.05|17.1|0.383.65
32 | 160 |103[031|267 134027286/ 156 |0.27 | 3.05
33 | 161 |11.9|026|205|128| 026|248 | 14 | 028|263
34 | 162 [ 116|044 |296| 124|034 247|128 027|279
43 | 171 |108(029|279| 142|037 | 33 | 17.4 | 0.42 | 3.69
44 | 172 [ 116|028 (221141 025|277 | 158 0.21 | 2.99
45 | 173 | 11 | 04 | 23| 13 | 037|257 | 128|033 | 279




d) Simulated psPD (mW/cm?) with 4 cm? averaging for top module at n260

Module Channel LB MB HB
Beam | Beam
|D1|D2818283858182838581828385
0 128 | 16 |155]/0.14|1432|141|1.35|0.13|358|0.87|138|0.14 | 2.77
1 129 [1.32|169|0.11|4.09|154|1.28|0.11|3.73|0.78|1.15|0.07 | 217
6 134 |283| 24 [048| 7.7 | 261|269 |043|6.67|225|235|0.48 | 5.69
7 135 [ 338 27 |0.36|7.96|325|241|043|7.01|246|167| 0.3 |5.28
8 136 | 2.86|305|0.14|7.71|342|285|0.24|729|242|1.79|0.17 | 5.37
15 143 | 3.01|229|051| 78 | 276|196 |0.47|6.62|222|188|0.43|5.22

MZgSIe, 16 144 | 3.46|286|0.25|816|345|279|036|738| 25 | 199 |0.24 | 593

n260 21 149 | 643652043 |138|6.01|6.84|038| 12 [4.29|583|0.54|9.99
22 150 |525|504|059|138|482|4.78|0.79|11.6|359|345|0.98 | 7.63
23 151 (459 4 | 0.8 |128|4.74|357|1.04|9.62 | 3.61 | 3.53| 0.67 | 8.47
24 152 [ 4.93|515|0.73|11.3|659|495|091|116|351|326|0.25|8.78
25 153 |6.44|6.27 039|124 |6.42 | 5.73|0.38|11.8|4.15| 3.86 | 0.63 | 10.7
36 164 |6.18|578|0.66|14.4|5.11|544|041|122|3.89|558|043| 10
37 165 |4.46|4.26|0.75| 13 |4.48|4.35|0.98|10.8|3.93|3.04|0.93|7.82
38 166 |4.59|4.46|0.78|10.7| 5.6 | 4.03|128|10.2|3.27|3.72| 051|874
39 167 | 532544047 |118|7.05|561|049|119|452| 33 | 048|911




e) Simulated psPD (mW/cm?) with 4 cm? averaging for bottom module at n260

g

Module Channel LB MB HB
Beam | Beam
D1 | Ibp | SL|S2| S| S6|SL|S2|S4|S6|Sl|S2|S4|S6
2 130 | 1.61]1.27]0.16[392|1.94 146|014 |368| 1.9 | 107|015/ 32
3 131 | 1.32]169]0.11]4.09|154|128]011]373|078| 115|007 | 2.17
9 137 | 237233041 (538|237| 25 [0.27|466|1.85] 205|026/ 484
10 138 | 3.36 265|039 (794318235 045|697 |248] 165|032 5.19
11 139 | 296 305|013 774|343 286|021 |7.41|249] 177017545
17 145 | 298| 23 [051[7.78|269| 2 |046|657|218] 194044533

Bottom | 1g 146 | 3441289026815 34 |277|036|7.33|259] 215|022 6.01

Mr?zdg(')e’ 26 154 | 565(6.13]|061| 14 | 56 |7.09| 052|134 | 42 | 6.02|052] 10.2
27 155 | 557 | 54 | 05 [138|505|521| 0.7 | 116 |3.32|3.87|0.93] 7.94
28 156 | 4.78 | 4.16 | 0.75 | 13.6 | 426 | 4.09] 096 | 109 |3.81 | 328 | 0.73 | 8.12
29 157 | 473 ] 464|083 ]103|6.27|456|1.15|11.1|345| 342|032/ 8.46
30 158 | 577545037 | 12 |6.62|556|027|11.3|4.77| 365|067 ]9.94
40 168 | 6.07 | 6.04]|0.74 | 146|519 |563|045| 12 |396| 575|038 105
41 169 | 4.81]466| 07 [134|439]467(093| 12 | 4 [3.09]|096]8.03
42 170 | 458 |4.08| 072 | 123|544 | 387 |1.26| 102 |3.24 | 357 | 055 | 8.48
43 171 | 52 | 506|057 | 115|694 | 529|064 | 11.8 | 423 | 3.19| 041 8.85




f) Simulated psPD (mW/cm?) with 4 cm? averaging for front module at n260

g

Module Channel LB MB HB
BeamiD1|BeamiD2 | S1 | S2 | 4 | S1 | 2 | A | S1 | 2 | &4
4 132 3.77 | 0.03|1.03| 297 | 0.04 | 0.68 | 3.76 | 0.03 | 0.65
5 133 3.26 | 0.07 | 0.77 | 2.79 | 0.05 | 0.68 | 2.81 | 0.04 | 0.69
12 140 592|007 | 1.4 | 48 [ 007 | 0.9 | 4.65]|0.09 | 0.79
13 141 5.39 | 0.08 | 1.35| 4.7 | 0.09 | 1.36 | 5.27 | 0.06 | 1.59
14 142 6.27 | 0.07 | 1.3 | 527 | 0.06 | 1.06 | 6.15 | 0.08 | 0.99
19 147 6.01 | 0.06 | 1.61 | 495 | 0.09 | 1.31 | 544 | 0.09 | 1.57
Front 20 148 593 | 0.06 | 1.31 | 538 | 0.08 | 1.26 | 554 | 0.07 | 1.25
Module, 31 159 11.9 | 0.17 | 294 | 883 | 0.13 | 1.83 | 7.86 | 0.23 | 1.57
n260 32 160 115]0.12 | 362|988 | 013 | 2.7 | 844 | 0.12 | 254
33 161 12 | 013|361 |947|0.16 | 2.86 | 12.3 | 0.08 | 3.37
34 162 11.1] 02 | 225|986 (015|213 | 11 | 0.22 | 2.66
35 163 9.89 | 0.17 | 1.93 | 9.25 | 0.13 | 1.59 | 8.31 | 0.26 | 1.24
44 172 11.6 | 0.13 | 3.38|8.73 | 0.13 | 225 | 7.37 | 0.18 | 2.03
45 173 122 013| 4 | 102|016 |316| 12 | 0.08 | 3.47
46 174 112 013|265| 9 |017|258| 12 |0.12|3.14
47 175 113|024 | 216|991 | 016 | 1.93 | 105 | 0.28 | 1.97

Scaling factor calculation: The following tables show the scaling factor results for all three

different modules, at both n261 and n260 bands. The scaling factor is defined as the MPE

internal design limit (0.6 mW/cm?) divided by the simulated peak spatial average power density.
The data is provided for both single polarization beams and paired beams.
In the tables below, the values reported represent the scaled factors for low-band, mid-band and
high-band results (S LB, S MB, and S _HB, respectively) and the scaling factor SF is the most

restrictive of the three band-specific values.



Data for Single Polarization Beams:
a) Scaling factor for top module n261

BeamID | S.LB S MB S HB SF
0 0.21 0.22 0.21 0.21
1 0.21 0.22 0.21 0.21
6 0.11 0.11 0.11 0.11
7 0.09 0.09 0.09 0.09
8 0.11 0.11 0.12 0.11
15 0.09 0.09 0.1 0.09
16 0.11 0.11 0.1 0.1
21 0.08 0.07 0.06 0.06
22 0.05 0.06 0.06 0.05
23 0.05 0.05 0.05 0.05
24 0.06 0.05 0.05 0.05
25 0.07 0.07 0.06 0.06
35 0.06 0.06 0.06 0.06
36 0.05 0.05 0.06 0.05
37 0.05 0.05 0.06 0.05
38 0.06 0.06 0.06 0.06

128 0.21 0.25 0.27 0.21
129 0.19 0.21 0.23 0.19
134 0.12 0.13 0.14 0.12
135 0.1 0.1 0.11 0.1
136 0.12 0.12 0.12 0.12
143 0.11 0.11 0.12 0.11
144 0.11 0.11 0.12 0.11
149 0.07 0.07 0.08 0.07
150 0.06 0.07 0.07 0.06
151 0.06 0.06 0.06 0.06
152 0.05 0.06 0.06 0.05
153 0.07 0.07 0.07 0.07
163 0.07 0.07 0.08 0.07
164 0.05 0.06 0.06 0.05
165 0.05 0.06 0.06 0.05
166 0.07 0.07 0.08 0.07




b) Scaling factor for bottom module n261

BeemID | S.LB S MB S HB SF
2 0.2 0.19 0.19 0.19
3 0.21 0.22 0.21 0.21
9 0.11 0.11 0.11 0.11
10 0.09 0.09 0.09 0.09
11 0.12 0.11 0.11 0.11
17 0.09 0.09 0.1 0.09
18 0.11 0.11 0.12 0.11
26 0.07 0.06 0.06 0.06
27 0.05 0.06 0.06 0.05
28 0.05 0.05 0.06 0.05
29 0.06 0.06 0.05 0.05
30 0.07 0.07 0.06 0.06
39 0.06 0.06 0.06 0.06
40 0.05 0.06 0.06 0.05
41 0.06 0.06 0.06 0.06
42 0.07 0.06 0.06 0.06

130 0.22 0.21 0.21 0.21
131 0.19 0.21 0.23 0.19
137 0.12 0.13 0.13 0.12
138 0.1 0.11 0.11 0.1
139 0.12 0.13 0.13 0.12
145 0.11 0.11 0.12 0.11
146 0.11 0.11 0.11 0.11
154 0.07 0.07 0.08 0.07
155 0.06 0.06 0.07 0.06
156 0.06 0.06 0.06 0.06
157 0.05 0.06 0.06 0.05
158 0.07 0.07 0.07 0.07
167 0.07 0.07 0.08 0.07
168 0.06 0.06 0.06 0.06
169 0.07 0.06 0.06 0.06
170 0.06 0.07 0.07 0.06




c) Scaling factor for front module n261

BeemID | SLB | SMB | SHB | SF
4 037 | 03 | 024 | 024
5 042 | 03 | 025 | 025
12 017 | 014 | 012 | 012
13 016 | 016 | 014 | 0.14
14 017 | 018 | 017 | 017
19 016 | 016 | 014 | 0.14
20 016 | 017 | 016 | 0.16
31 012 | 01 | 008 | 008
32 012 | 01 | 009 | 0.09
33 012 | 014 | 013 | 012

014 | 011 | 009 | 0.09

012 | 01 | 008 | 008

013 | 014 | 01 0.1

012 | 013 | 011 | o1l
132 031 | 025 | 026 | 025
133 043 | 037 | 032 | 032
140 02 | 015 | 013 | 013
141 016 | 013 | 013 | 013
142 021 | 018 | 016 | 0.16
147 017 | 013 | 013 | 013
148 016 | 013 | 014 | 013
159 011 | 01 | 009 | 0.09
160 012 | 009 | 008 | 008
161 011 | 009 | 008 | 008
162 013 | 012 | 011 | o1l
171 011 | 009 | 009 | 0.09
172 01 | 008 | 008 | 008
173 012 | 01 0.1 0.1
172 013 | 018 | 018 | 013
173 014 | 013 | 014 | 013
174 013 | 013 | 013 | 013
175 014 | 013 | 013 | 013




d) Scaling factor for top module n260

BeemID | S.LB S MB S HB SF
0 0.34 0.41 0.43 0.34
1 0.4 0.51 0.61 0.4
6 0.19 0.2 0.23 0.19
7 0.18 0.18 0.21 0.18
8 0.21 0.21 0.31 0.21
15 0.19 0.2 0.24 0.19
16 0.18 0.17 0.19 0.17
21 0.09 0.1 0.12 0.09
22 0.11 0.11 0.17 0.11
23 0.15 0.18 0.18 0.15
24 0.15 0.11 0.17 0.11
25 0.11 0.1 0.12 0.1
36 0.09 0.11 0.16 0.09
37 0.15 0.15 0.18 0.15
38 0.17 0.15 0.19 0.15
39 0.15 0.09 0.15 0.09

128 0.28 0.36 0.54 0.28
129 0.3 0.33 0.55 0.3
134 0.16 0.22 0.3 0.16
135 0.16 0.19 0.27 0.16
136 0.14 0.15 0.21 0.14
143 0.17 0.2 0.29 0.17
144 0.16 0.18 0.25 0.16
149 0.08 0.11 0.16 0.08
150 0.08 0.12 0.21 0.08
151 0.08 0.11 0.14 0.08
152 0.09 0.1 0.15 0.09
153 0.09 0.11 0.16 0.09
164 0.08 0.15 0.19 0.08
165 0.08 0.13 0.17 0.08
166 0.08 0.1 0.14 0.08
167 0.09 0.1 0.15 0.09




e) Scaling factor for bottom module n260

BeemID | S.LB S MB S HB SF
2 0.35 0.32 0.35 0.32
3 0.4 0.51 0.61 0.4
9 0.19 0.2 0.21 0.19
10 0.18 0.18 0.21 0.18
11 0.2 0.21 0.3 0.2
17 0.19 0.21 0.24 0.19
18 0.17 0.17 0.19 0.17
26 0.09 0.1 0.12 0.09
27 0.11 0.11 0.17 0.11
28 0.14 0.16 0.17 0.14
29 0.15 0.12 0.18 0.12
30 0.12 0.1 0.13 0.1
40 0.09 0.1 0.12 0.09
41 0.12 0.11 0.17 0.11
42 0.16 0.14 0.18 0.14
43 0.17 0.11 0.16 0.11

130 0.33 0.38 0.48 0.33
131 0.3 0.33 0.55 0.3
137 0.16 0.2 0.27 0.16
138 0.16 0.19 0.27 0.16
139 0.14 0.15 0.21 0.14
145 0.17 0.2 0.29 0.17
146 0.16 0.18 0.26 0.16
154 0.08 0.13 0.14 0.08
155 0.08 0.12 0.21 0.08
156 0.08 0.11 0.13 0.08
157 0.09 0.11 0.14 0.09
158 0.09 0.11 0.16 0.09
168 0.08 0.13 0.24 0.08
169 0.08 0.11 0.15 0.08
170 0.09 0.1 0.14 0.09
171 0.09 0.11 0.16 0.09




1) Scaling factor for front module n260

BeemID | SLB | SMB | SHB | SF
4 037 | 044 | 041 | 037
5 059 | 052 | 047 | 047
12 022 | 025 | 027 | 022
13 021 | 03 | 021 | o2l
14 022 | 021 | 022 | o021
19 019 | 029 | 02 | 019
20 025 | 026 | 028 | 025
31 012 | 014 | 015 | 012
32 012 | 015 | 014 | 012
33 012 | 015 | 011 | o1l
34 016 | 017 | 016 | 0.16
35 015 | 015 | 016 | 0.15
44 012 | 015 | 016 | 0.12
45 012 | 014 | 014 | 012
46 013 | 018 | 012 | 012
47 015 | 016 | 016 | 0.5

132 042 | 05 | 048 | 042
133 035 | 051 | 057 | 035
140 025 | 026 | 025 | 025
141 028 | 029 | 028 | 0.28
142 021 | 026 | 022 | o021
147 028 | 031 | 032 | 028
148 023 | 027 | 023 | 023
159 014 | 02 | 021 | 014
160 015 | 015 | 016 | 0.15
161 013 | 013 | 014 | 013
162 013 | 013 | 013 | 013
163 016 | 021 | 014 | 0.14
172 013 | 018 | 018 | 013
173 014 | 013 | 014 | 013
174 013 | 013 | 013 | 013
175 014 | 013 | 013 | 013




Data for Paired Beams:

a) Scaling factor for top module n261

BeamlD1 | BeamID2 SLB S MB S HB SF
0 128 0.1 0.11 0.11 0.1
1 129 0.1 0.1 0.1 0.1
6 134 0.05 0.05 0.06 0.05
7 135 0.05 0.05 0.05 0.05
8 136 0.05 0.06 0.06 0.05

15 143 0.04 0.05 0.05 0.04
16 144 0.06 0.06 0.06 0.06
21 149 0.04 0.03 0.03 0.03
22 150 0.03 0.03 0.03 0.03
23 151 0.03 0.03 0.03 0.03
24 152 0.03 0.03 0.03 0.03
25 153 0.03 0.04 0.04 0.03
35 163 0.03 0.03 0.03 0.03
36 164 0.02 0.03 0.03 0.02
37 165 0.03 0.03 0.03 0.03
38 166 0.03 0.03 0.03 0.03
b) Scaling factor for bottom module n261

BeamlD1 | BeamID2 SLB S MB S HB SF
2 130 0.09 0.1 0.1 0.09
3 131 0.1 0.1 0.1 0.1
9 137 0.05 0.05 0.06 0.05
10 138 0.04 0.05 0.05 0.04
11 139 0.06 0.06 0.06 0.06
17 145 0.04 0.05 0.05 0.04
18 146 0.05 0.05 0.05 0.05

26 154 0.03 0.03 0.03 0.03
27 155 0.03 0.03 0.03 0.03
28 156 0.03 0.03 0.03 0.03
29 157 0.03 0.03 0.03 0.03
30 158 0.03 0.04 0.04 0.03
39 167 0.03 0.03 0.03 0.03
40 168 0.03 0.03 0.03 0.03
41 169 0.03 0.03 0.03 0.03
42 170 0.03 0.03 0.03 0.03




c) Scaling factor for front module n261

BeamlD1 | BeamID2 SLB S MB S HB SF
4 132 0.13 0.12 0.11 0.11
5 133 0.18 0.14 0.12 0.12
12 140 0.08 0.07 0.06 0.06
13 141 0.08 0.07 0.06 0.06
14 142 0.13 0.11 0.11 0.11
19 147 0.08 0.07 0.06 0.06

20 148 0.07 0.08 0.07 0.07
31 159 0.06 0.04 0.04 0.04
32 160 0.06 0.04 0.04 0.04
33 161 0.05 0.05 0.04 0.04
34 162 0.05 0.05 0.05 0.05
43 171 0.06 0.04 0.03 0.03
44 172 0.05 0.04 0.04 0.04
45 173 0.05 0.05 0.05 0.05
46 174 0.05 0.07 0.05 0.05
47 175 0.05 0.06 0.06 0.05
d) Scaling factor for top module n260

BeamlD1 | BeamID2 SLB S MB S HB SF
0 128 0.14 0.17 0.22 0.14
1 129 0.15 0.16 0.28 0.15
6 134 0.08 0.09 0.11 0.08
7 135 0.08 0.09 0.11 0.08
8 136 0.08 0.08 0.11 0.08

15 143 0.08 0.09 0.11 0.08
16 144 0.07 0.08 0.1 0.07
21 149 0.04 0.05 0.06 0.04
22 150 0.04 0.05 0.08 0.04
23 151 0.05 0.06 0.07 0.05
24 152 0.05 0.05 0.07 0.05
25 153 0.05 0.05 0.06 0.05
36 164 0.04 0.05 0.06 0.04
37 165 0.05 0.06 0.08 0.05
38 166 0.06 0.06 0.07 0.06
39 167 0.05 0.05 0.07 0.05




e) Scaling factor for bottom module n260

BeamlD1 | BeamID2 SLB S MB S HB SF
2 130 0.15 0.16 0.19 0.15
3 131 0.15 0.16 0.28 0.15
9 137 0.11 0.13 0.12 0.11

10 138 0.08 0.09 0.12 0.08
11 139 0.08 0.08 0.11 0.08
17 145 0.08 0.09 0.11 0.08
18 146 0.07 0.08 0.1 0.07
26 154 0.04 0.04 0.06 0.04
27 155 0.04 0.05 0.08 0.04
28 156 0.04 0.06 0.07 0.04
29 157 0.06 0.05 0.07 0.05
30 158 0.05 0.05 0.06 0.05
40 168 0.04 0.05 0.06 0.04
41 169 0.04 0.05 0.07 0.04
42 170 0.05 0.06 0.07 0.05
43 171 0.05 0.05 0.07 0.05
f) Scaling factor for front module n260

BeamlD1 | BeamID2 SLB S MB S HB SF
4 132 0.16 0.2 0.16 0.16
5 133 0.18 0.22 0.21 0.18

12 140 0.1 0.13 0.13 0.1
13 141 0.11 0.13 0.11 0.11
14 142 0.1 0.11 0.1 0.1
19 147 0.1 0.12 0.11 0.1
20 148 0.1 0.11 0.11 0.1
31 159 0.05 0.07 0.08 0.05
32 160 0.05 0.06 0.07 0.05
33 161 0.05 0.06 0.05 0.05
34 162 0.05 0.06 0.05 0.05
35 163 0.06 0.06 0.07 0.06
44 172 0.05 0.07 0.08 0.05
45 173 0.05 0.06 0.05 0.05
46 174 0.05 0.07 0.05 0.05
47 175 0.05 0.06 0.06 0.05




Appendix C: Simulated PD Distribution Plots

The evaluation planes are illustrated in the figure, below.

Table C1. PD Evaluation planes (any distance less than 1 c¢cm is reported as 0 cm).

Top Module Yes (0 cm) Yes (0 cm) Yes (0 cm) No (14 cm) | Yes (0 cm) | No (24 cm)
Bottom Module | Yes (0 cm) Yes (0 cm) No (14 cm) Yes (0 cm) | No (24 cm) | Yes (0 cm)
Front Module | Yes (0 cm) Yes (0 cm) No (17 cm) Yes (0cm) | No(7cm) |No (18 cm)

The power density plots (i.e., power density per grid points without any averaging) for all the
Beam IDs across nearby evaluation planes for the top, bottom, and front module arrays are
shown, below (unit: [W/m”2]). For the front array, plots are not provided for S2 because the iPad
body introduces a shielding effect and the leaking field to S2 is very weak (this was reflected in
the reported very low value MPE’s). Also, please note that each surface plot is normalized to the
maximum power density of all evaluated surfaces for that Beam ID.



Module: Top Array, Band:n261, Power Density Plot for Beam ID:0
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Module: Top Array, Band:n261, Power Density Plot for Beam ID:1
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Module: Top Array, Band:n261, Power Density Plot for Beam ID:6
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Module: Top Array, Band:n261, Power Density Plot for Beam ID:7
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Module: Top Array, Band:n261, Power Density Plot for Beam ID:8
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Module: Top Array, Band:n261, Power Density Plot for Beam ID:15
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Module: Top Array, Band:n261, Power Density Plot for Beam ID:16
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Module: Top Array, Band:n261, Power Density Plot for Beam ID:21
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Module: Top Array, Band:n261, Power Density Plot for Beam |D:22
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Module: Top Array, Band:n261, Power Density Plot for Beam ID:23
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Module: Top Array, Band:n261, Power Density Plot for Beam ID:24
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Module: Top Array, Band:n261, Power Density Plot for Beam ID:25
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Module: Top Array, Band:n261, Power Density Plot for Beam ID:35
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Module: Top Array, Band:n261, Power Density Plot for Beam ID:36
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Module: Top Array, Band:n261, Power Density Plot for Beam ID:37
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Module: Top Array, Band:n261, Power Density Plot for Beam |1D:38
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Module: Top Array, Band:n261, Power Density Plot for Beam ID:128
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Module: Top Array, Band:n261, Power Density Plot for Beam ID:129
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Module: Top Array, Band:n261, Power Density Plot for Beam ID:134
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Module: Top Array, Band:n261, Power Density Plot for Beam ID:135
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Module: Top Array, Band:n261, Power Density Plot for Beam ID:136
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Module: Top Array, Band:n261, Power Density Plot for Beam ID:143
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Module: Top Array, Band:n261, Power Density Plot for Beam ID:144
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Module: Top Array, Band:n261, Power Density Plot for Beam ID:149
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Module: Top Array, Band:n261, Power Density Plot for Beam ID:150
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Module: Top Array, Band:n261, Power Density Plot for Beam ID:151
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Module: Top Array, Band:n261, Power Density Plot for Beam ID:152
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Module: Top Array, Band:n261, Power Density Plot for Beam ID:153
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Module: Top Array, Band:n261, Power Density Plot for Beam ID:163
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Module: Top Array, Band:n261, Power Density Plot for Beam ID:164
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Module: Top Array, Band:n261, Power Density Plot for Beam ID:165
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Module: Top Array, Band:n261, Power Density Plot for Beam ID:166
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Module: Bottom Array, Band:n261, Power Density Plot for Beam ID:2
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Module: Bottom Array, Band:n261, Power Density Plot for Beam ID:3
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Module: Bottom Array, Band:n261, Power Density Plot for Beam ID:9
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Module: Bottom Array, Band:n261, Power Density Plot for Beam ID:10
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