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1. Numerical modeling for Power Density (PD)
calculations

1.1 Full-wave numerical computation tool

1.1.1 Tool description

Ansys is the first to offer a novel solution for accurate and reliable analysis of antenna arrays
used in such diverse applications as 5G mmWave, radar design including automotive radar
sensors, and satellite communications.

Ansys HFSS is a 3D electromagnetic (EM) simulation software for designing and simulating
high-frequency electronic products such as antennas, antenna arrays, RF or microwave
components, high-speed interconnects, filters, connectors, IC packages and printed circuit
boards. ANSYS Electromagnetics suite HFSS (2019 R3) is implemented based on Finite Element
Method (FEM), which operates in the frequency domain.

1.1.2 Mesh and Convergence criteria

The Ansys HFSS simulation suite consists of a comprehensive set of solvers to address diverse
electromagnetic problems ranging in mobile phone. Its reliable automatic adaptive mesh
refinement, which focuses on the design instead of spending time determining and creating
the best mesh. This automation and guaranteed accuracy differentiates HFSS from all other
EM simulators, which require manual user control and multiple solutions to ensure that the
generated mesh is suitable and accurate. The determination parameter of the number of
iterations in Ansys HFSS (2019 R3) is defined as convergence criteria, delta S, and the iterative
adaptive mesh process repeats until the delta S is met. In Ansys HFSS (2019 R3), the accuracy of
converged results depends on the delta S. Figure 1 is an example of mobile phone device adaptive
mesh (Top view).
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Figure 1 Example of the adaptive mesh technique (Top view)



1.2.3 Time-average PD calculation

When dealing with electromagnetic fields which are needed to relate the concept of energy to the
fields. This is done by means of the Poynting vector which is found to be the power density in the
electromagnetic field. The conservation of energy is then established by means of the Poynting
theorem.

To calculate PD evaluation, two physical quantities, an electric field (E) and a magnetic field (H) are
needed. The actual consumption power can be expressed as the real term of the Poynting vector (S)
from the cross product of End complex conjugation ofHs shown below:

S) = Re (%E x ﬁ*)
(S) can be expressed as point power density based on a peak value of each spatial point on mesh
grids, and obtained directly from Ansys HFSS (version 19.3).
The total power density (all X, Y, Z components) through any given surface is used to calculate the
averaged power density. Hence the spatially averaged power density on a given surface is calculated
as the surface integral of the Poynting vector over a 4 square cm averaging area.From the point

power density (S), the spatial-averaged power density (PDEV) on an evaluated area (A) can be derived

as shown below:
1
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1.2 Simulation setup
1.2.1 Simulation model

The simulation approach to perform PD assessment for a smartphone requires accurate modeling
for mmWave antenna module as well as the smartphone itself. Figure 2 shows the simulation model
which is mounted on two mmWave antenna modules. The simulation modeling includes most of the
entire structure of the device itself such as PCB, metal frame, battery, flex cables, large components
and legacy antennas as well as mmWave Ant 1 and Ant 2. On the back side view, mmWave Ant 1 is
placed on the left side and antennas are facing the left side of the device. mmWave Ant 2 is placed
right side and antennas are facing the right and back side of the device
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Figure 2. HFSS simulation model which is mounted two mmWave antenna modules

1.2.2 PD evaluation surfaces

Table 1 shows the PD evaluation planes for each mmWave antenna module and Fig.2 shows FCC

defines 6 surfaces for PD simulation and measurement and will be positioned based on distance in

setting parameters.the spatial-averaged power density can be obtained by the integral of 4 cm”2.

Figure 3 shows where the mmWave Ant 1 and mmWave Ant 2 located on the device, PD evaluation

planes except the bottom side are set up.

Ansys HFSS (version 19.3) can support the absorbing boundary condition (ABC) for radiation

boundary and normally make a quarter wavelength from the radiating structure. In this report, to

cover all beamforming cases of mmWave antenna modules, the three wavelength spacing from the

device is used.

Table 1. PD evaluation surfaces

Front | Back (from fl;(e;]:[t view) | (from ?:?:‘E view) Top | Bottom
ST S2 S3 S4 S5 S6
mmWave Ant_1 0 0 0] o 0] X
mmWave Ant_2 0 (0] o] 0] 0] X




Front (S1)

Left (S3)

Bottom (S6) e Right (S4)

Back (S2)

Figure 3. PD evaluation planes

1.2.3 Boundary condition

To simulate an electromagnetic tool based on FEM, the boundary condition allows electromagnetic
waves to be electrically open at the boundary and radiated far away without reflection. ANSYS
Electromagnetics suite HFSS (2019 R3) can support the absorbing boundary condition (ABC) for
radiation boundary and normally make a quarter wave length from the radiating structure. In this
report, to cover all beamforming cases of mmWave antenna modules, the three wavelength spacing
from the device is used.

1.2.4 Source excitation condition

The QTM 525-5 mmWave simulation model (mmWave Antl and mmWave Ant2) have 16 source
ports. There are 8 ports are divided into vertical polarization feeding, and the other 8 ports are
divided into horizontal polarization feeding.The QTM 525-5 mmWave simulation model is encrypted
in the Ansys HFSS (2019 R3) and can only check the feeding position. After finishing 3D full wave
electromagnetic simulation of modeling structure, the magnitude and phase information can be
loaded for each port by using the “Edit Sources” function in Ansys HFSS (2019 R3).



Figure 4. Example mmWave module

Figure 4 shows the mmWave module structure and surrounding structure. The mmWave module is
encrypted in the Ansys HFSS (2019 R3) and can only check the feeding position. After finishing 3D full
wave electromagnetic simulation of modeling structure, the magnitude and phase information can
be loaded for each port by using the “Edit Sources” function in Ansys HFSS (2019 R3). Figure 5 shows
an example of antenna port excitations.Since Ansys HFSS (2019 R3) uses FEM solver based on
frequency domain analysis method, the input source for the port excitation applies sinusoidal
waveform for each frequency.
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Figure 5. An example of port excitation

1.2.5 Condition of simulation completion

The simulation completion condition of ANSYS Electromagnetics suite (HFSS) is defined as delta S.
The ANSYS Electromagnetics suite (HFSS) calculates the S-parameter for the mesh conditions of each
step and determines whether to proceed with the operation of the next step by comparing the
difference between the S-parameters in the previous step. A difference between the previous step
and the current step of S-parameter is expressed as delta S, and the delta S generally sets 0.02. The
simulation result of this report is the result of setting delta S to 0.02.
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3. Simulation and modeling validation

3.1 Spatial-averaged power density

As mentioned in the previous chapter, the Poynting vector (S) can be obtained through cross product
of an electric field (E) and complex conjugate of a magnetic field (H). The real term of the Poynting
vector can be described as the point power density or peak power density. Using the point power
density, the spatial-averaged power density can be obtained by the integral of 4 cm”2 at 2.5 mm
intervals of the point power density result. Figure 6 shows examples of the distribution plot of point
power density and the averaged power density.
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Figure 6. Power density distribution
3.2 Comparison between simulation and measurement

In this section, the simulated-power density distributions and measured-power density distributions
are compared to each mmWave antenna. Based on comparison of power density distributions,
simulated power density and measured power density have a good correlation. Measurement
uncertainty in mmWave frequency in measurement side and inaccuracy of material properties in
mmWave frequency in the simulation side are considered as error factors.

The input powers per each active port are below for both Simulation and Measurement. For
Simulation, these values were entered directly into the HFSS model. For measurement, FTM S/W was
used to input these values for each active port also. The maximum device output rating was
determined to meet regulatory limits.



The below simulation and measurement result were performed at 2mm evaluation distance and
28GHz / 38.5GHz. The input.power.limit was determined based on below results in RF Exposure Part

0 Report.
PD (W/m™2)
Band Beam ID Antenna Surface Meas. Sim. Delta=5im vs Meas
o8 Left 10.4 16.58 2.02
Ant 1 Front 2.84 6.80 3.79
149 Left 8.06 13.72 1.85
n260 Ffont 5.02 776 1.89
o8 Right 8.76 15.86 2.58
Ant 2 Ffont 2.32 6.52 449
150 Right 8.25 15.21 2.69
Front 427 7.94 2.69
PD (WW/m™2)
Band Beam ID Antenna Surface IMeas. Sim. Delta
57 Left 10.5 16.78 2.04
Ant 1 Front 3.64 9,15 401
155 Left 10.1 15.74 1.23
n261 F[ont 3.74 877 3.70
o4 Right 8.01 16.70 3.19
Ant 2 Ffont 3.52 8.47 3.81
159 Right 8.23 15.97 2.88
Front 411 8.53 317




n260_mmWave Antl : Mid Channel, Beam ID : 28, Left

Averaged [4.0 cm?] |Re{S}|(x,y,z.f0) [dB{11W/m~"2)]
0

(a) measurement

Z (mm)

(b) simulation

mmW Antl Mid Channel, Averaged power density

| IRe{S(x,y,z,f0).exp(iB)}] | [dB(47.7W/m"2)]

0

(a) measurement

mmW Antl

Z (mm)

Y (mm)

(b) simulation

Mid Channel, Point power density

14

12

10

80

70

60

50

20

10



® n260_mmWave Antl : Mid channel, Beam ID :

Averaged [4.0 cm?] |Re{S}|(x,y,z,f0) [dB(2.84W/m~2)]
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n260_mmWave Antl . Mid channel, Beam ID : 149, Left

Averaged [4.0 cm?] |Re{S}| (x,y,z,f0) [dB(8.96W/m~2)]
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e n260_mmWave Antl : Mid channel, Beam ID : 149, Front

Averaged [4.0 cm?] | Re{S}| (x,y,z,f0) [dB(5.02W/m~2)]
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n260_mmWave Ant2 : Mid channel, Beam ID : 25, Right

Averaged [4.0 cm?] |Re{S}| (x,y,z,f0) [dB(8.76W/m~2)]
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® n260_mmWave Ant2 : Mid channel, Beam ID : 25, Front

Averaged [4.0 cm?] |Re{S}|(x,y,z,f0) [dB(2.32W/m"2)]
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® n260_mmWave Ant2 : Mid channel, Beam ID : 150, Right

Averaged [4.0 cm?] |Re{S}|(x,y,z,f0) [dB(8.25W/mA2)]
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® n260_mmWave Ant2 : Mid channel, Beam ID : 150, Front

Averaged [4.0 cm?] |Re{S}| (x,y,z,f0) [dB(4.27W/m~2)]
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n261_mmWave Antl : Mid Channel, Beam ID : 27, Left

Averaged [4.0 cm?] |Re{S}| (x,y,z,f0) [dB(10.5W/mA2)]
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e n261_mmWave Antl : Mid Channel, Beam ID : 27, Front

Averaged [4.0 cm?] | Re{S}| (x,y,2,f0) [dB(3.64W/mA2)]
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n261_mmWave Antl : Mid Channel, Beam ID : 155, Left

Averaged [4.0 cm?] |Re{S}| (x,y,z,f0) [dB(10.1W/m~2)]
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e n261_mmWave Antl : Mid Channel, Beam ID : 155, Front

Averaged [4.0 cm?] |Re{S}|(x,y,z,f0) [dB(3.74W/m~"2)]
0

Y (mm)

(a) measurement (b) simulation

mmW Antl Mid Channel, Averaged power density

| IRe{S(x,y,2,f0).exp(jB)}| | [dB(6.4W/m"2)]
0

17.5
15.0

12.5

10.0

Y (mm)

7.5

5.0

2.5

(a) measurement (b) simulation

mmW Antl Mid Channel, Point power density



n261_mmWave Ant2 : Mid Channel, Beam ID : 24, Right

Averaged [4.0 cm?] |Re{S}| (x,y,z,f0) [dB(8.01W/m~2)]
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e n261_mmWave Ant2 : Mid Channel, Beam ID : 24, Front

Averaged [4.0 cm?] |Re{S}| (x,y,z,f0) [dB(3.52W/m~"2)]
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e n261_mmWave Ant2 : Mid Channel, Beam ID : 152, Right

Averaged [4.0 cm?] |Re{S}| (x,y,z,f0) [dB(8.23W/m~2)]
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® n261_mmWave Ant2 : Mid Channel, Beam ID : 152, Front

Averaged [4.0 cm?] |Re{S}|(x,y,z,f0) [dB(4.11W/mA2)]
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4 Simulation results

This section shows the PD simulation results of mmWave Ant 1 and Ant 2 at 28 GHz and 39 GHz for
each evaluation plane specified in Table 1 at two separation distances of 2 mm and 10mm. The ratio
of PD exposure from front surface to the worst surface at 2mm, and the ratio of PD exposure from
2mm to 10mm evaluation distance for each beam are also reported in this section to support RF
exposure analysis for simultaneous transmission scenarios performed in Chapter 12 of Part 1 Near
Field PD report. The relative phase between beam pairs is not controlled in the chipset design.
Therefore, the relative phase between each beam pair was considered mathematically to identify
the worst case conditions. The below MIMO results represent the highest reported MIMO simulation
results after sweeping across the relative phase between beams a 5° step interval from 0° to 360°,
the worst-case simulated PD determined from the tables in this section were used for
conservativeness in input.power.limit determination in RF Exposure Part O Report.

4.1 Calculated PD per beam ID for Low/Mid/High Channel at 28GHz / 39GHz

4.1.1 mmWave Ant 1 — Patch Antenna

Table 2 & Table 3 show the PD simulation evaluation of mmWave Antl at 28 GHz / 39 GHz for the
corresponding evaluation planes specified in Table 1.
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155 12% 62% 30 a3 0544 02 813 T34 175 20%
T56 A 2% 26% a5 T0.59 402 a5 125 Tor 5%
157 52 5% 5% 25% 55% 246 438 ) 138 458 5%
Mid Channel
Wecharmel
o smuatentm2) | o g e o N 5 e e
S 5 S5 =) 55 S 52 55 =) S5 Tomm/zmm
Power
Sronmo. sting | Seamp | Fon Back Lot Right o |" Front Back Loft Right Top s3
T R 056 2% oa% T5% 20% &78 752 ) 008 063 T
735 | 185 2% 5% X 39% 509 150 200 031 205 55
R 001 5% B3% To% 09% 050 520 527 017 052 B
03 | 189 2% 2% 2% 20% 702 257 745 o014 204 5%
73 | Y 2% 75% 7% % 226 693 459 016 053 50
790 | o101 27% 525 Tak 38 566 122 633 014 166 2%
Single Beam 28 | 0505 S6% To% 215 20% 950 964 270 038 530 330
ool 55 | 0050 06% o5% To 310 450 962 539 037 052 75%
(AG0) o2 | o101 B4 5% 219 1% 553 013 a78 048 100 B1%
751 o530 555 27% To 375 529 377 105 040 55 55
i 007 2% B0% 21 5% 08 374 556 04 553 05%
726 | 7 o127 5% EET 20% 7% 338 715 264 042 172 1%
5a | o062 545 25% Te% 37% 673 066 225 04 070 7%
0| ) 25% o7 2% 50 350 47 335 046 001 0%
IZ 27% 25% 20% 0% 027 a1 215 041 753 25%
o060 B2 76% o 20% ) 760 7 007 064 53
o240 75% B3% 20% %% 399 720 556 025 271 9%
o0is 0% 985 2% 50 961 038 660 013 7T 35
[ ozo7 o1 7% 20% 7% 957 276 654 027 517 51
o170 5% 715 7% 09% 690 038 205 010 211 2%
e a7 5% B 5% 1% 613 506 ot 016 To0 A
A7 ngomoam o o o o i S o e e e o
Vopol o110 B3% 25% 2% 0% 224 2072 02 048 122 T
) o005 95% a2 To% 61% 263 560 735 015 057 B4%
ooz 0% B5% 25% 25% 954 020 966 056 330 1a%
001 T5% 80% 555 3% 708 725 b7 054 608 E7EA
o200 06% 66% 21% o1% B33 15 033 040 EET) 20%
oort 7a% 79% 20% 5% 345 51 a6 035 052 78
T5675 | < oorz Ta% 8o 2% 6% 255 606 211 047 076 7
12569 o6 2% 27% 55% 1% 907 314 555 070 651 5%
0986 IRES 5% 78 20% 57 360 724 ot 024 Tod 175
T6.729 ) 75% B5% P 30 856 170 502 066 634 5%
18,021 031 211 219 9% 7% 7% 009 698 10.044 041 215 7ah
T Y Y i i i ity iy i e g3 o A
17469 028 2% 0% 5% 7% 084 566 b74 035 340 38
T - 17367 Y] s 4% To% 0% 540 485 126 048 azg 73%
seam par [ 35,087 100 2% 555 25% 50% o12 560 515 22 457 57%
it 017 | 5686 | 4704 | 027 5% 2% 27% 719 10.350 327 201 117 251 1%
are | o765 | saoma 020 05% 20% EXE 75 10,056 067 256 157 276 5%
Go6 | irtee | 4256 | o2 a7 e 26% 96% 285 256 200 108 067 %
[ tisa0 | i5mea | oss0 1551 57 o3% a3 1% 654 344 9% 152 601 g%
Toa | 20752 | te22s | 3523 | < ani B5% 05% 30% ETEA 10.222 964 240 120 617 50%
155 | 20879 | teare | sa7o6 o175 0% 6% 26% 50% 10.265 060 386 110 214 5%
T56 | 210a2 | t7si0 | 35052 | < 150 3% 043 26% B 10.306 489 106 113 215 36
157 292 | 5708 | si784 401 B5% 21 26% 5% 721 068 67 736 aas 24%
High Channel
Wrshannel
PO SmulatortWin*2) | Operating Target Tx Power 2 mm 66.93% 5222% T05% FXIZA 0 mm 5925%
ST 52 53 = S5 5 52 ) = S5 Tommizmm
Power
Sisommo. sig | seonp | ot Back Lett Right oo | Front Back Lot Right Top s3
m
7 16 727 T 070 08 EE 5% 2% 92% 05, 543 782 008 05 %
5 274 5 a5 o3t 2 W7 5% T 75% 302 760 70 025 200 0%
Q 510 4 068 o1 7 560 To% Bo% 088 69 £ o1 54.52%
7 750 E 750 020 a 21 T 555 757 517 a7 T
0 674 2 002 070 0 i 3% 734 So7 550 45 5412%
T 727 5 w75 ot 7 2% 5% 575 060 £ o2 %%
Single Boam 500 | baze | 1aze6 047 2z £ 70% 635 33 755 35 5%
Hepol 330 2% 595 023 082 o7 W% 1% 751 093 535 038 060 5%
(AG0) [ B30z | 16101 | 0055 | 0108 a4 56% 4 68% 350 032 047 45 080 19%
Tea | ae2s | ooa | osek o5 2% 0 0% 720 527 661 7 503 £
Ba7 550 | 00% | 108 a5t 2% 8% 7% 207 379 5561 a2 782 T5%
[ ] 5550 76% 31 % 055 651 762 I 751 0%
725 5260 7% I 076% 304 108 014 43 081 54.62%
628 01z 536 9.32% X 080% T2z T 595 03 052 3
T To54 7 951% 5% 7.98% 7% O 781 036 771 T
29 7 085 377 9.87% 2% To% 506 7 w74 008 050 0.
155 256 2 7% % X 309 T Tz 022 210 2
T34 057 B R 25% To6% 553 1 210 017 052 1
155 206 7195 | o020 | odes 3 456% 0% 5% 895 255 22 023 317 5.06%
138 7: EN 7715 027 | 0013 a7 562% 4% % 578 514 746 021 186 8.56%
mmWave 845 7.901 022|027 1867 28% 4% 513 739 674 1 199 6.50%
T I, % 55 | oo | ore % 7 o %1 o2 £ 5 = 52
/261 V-pol 5 186 33 057 790 740 T 5% 028 = 37 4 715 75%
*61) 7 952 T 053 120 7T 5 9% 22 296 671 I 0% 5%
7 006, 8 0867|0521 44 T 54% 644, 783 329 5 388, 88%
G877 251 9661 T05 | oroe 8% 0% %% 02 705 70 088 550 5%
2 720 700 3213 025 ) 2% 7 G6% 28 673 29% 038 T 2%
55 | 8445 | 6798 | 1as2s 049 01 6% 8% 205 65 579 041 T: 4%
756 8100 To5 | a7ss | o060 T30 %% 8% 996 05 772 052 oo
57 273 4916 Ta73 00| oerr 66% 64% 723 a7 4558 060 7%
129 | 608 Sa67 o5 032 243 710% 5 an 214 0 966 026 0
133 731 5518 772 075 820 Z68% 4% 25% 546 212 891 062 5%
T34 | o3 | fo69 £ 050 275 52 w70 75% 2% 755 = 5 043 To%
T35 | 608t 7340 3 R 50% 5% 3T 5% 95, 2916 7 052 556 5%
T3 | 10850 70,065 T 07 513 9% 2% 25 o 051 4739 5 040 528 %
T [ as | sare 311 72 053 Z3 5% 5% 2 7% 31 T 5 046 516 5%
105 | 6895 I3 9 77 2% 4% T 6% ot 2) 7755 T35 308 4%
oo i 75| vaze | w0 o £ % o o 7o T Toost o6 71 %
39 5983 566 Taa 355 7% 00% % 27 528 Te041 22 257 25%
Tos_| tease | 30709 T2 75: % Ti% 2% T80 o T5.630 123 263 5%
950 | 14005 311 225 7 6% 70 0% 20 7 T4 750 %6 2%
S 208 | 15011 25 130 B EET 1% 1% 9453 a 17801 721 0458 54.56%
155 | 19767 5364 663 127 3T 60.46% 01% 4% 9973 @ 79.024 708 0260 21%
756 554 575 65 e o 5950% 5% 120% 9605 50 T5.037 057 0270 2%
157 | 1336 575 | 2873 01a7 212 6% S281% 051% 2 So12 7054 13398 ozt Tasa H662%




Table 3. PD of mmWave Ant 1 patch antenna (39GHz — n260)

Low Channel

" Cchannel
FD Sinuationt Wim°2) Operating Target Tx Power 2 om 5043% 70.00% 053% So6% T0mm 55.08%
5 52 FE T ST [ 52 [ s: | s ] 55 | fonmemm
Ssommo. Pon e eeting Boam ID Lot | Right | Top i b Right | Top s3
[ 2ots [ ooti [ ooes 1% 5% 5% 6% Gota [ oia 71%
G681 | 0017 | 0260 1% 6% 25% 0% 0,025 | 008 21
5676 | 0.000 [ 0.122 2% 043 % o7% 0020 [ 0.122 5%
653 0010 | 0201 % 9% Tok 05 0014 | 0200 65%
7507 | 0017 [ 0.185 EE B1% 25% a3 0021 [ 0202 20%
a1 0010 [ 0120 7% BT To% 0% 0017 [ 0184 A
Single Beam 72,005 | 0.024 | 0605 3% T 20% B3% 0031 [ 070z 219%
Fi-pol T06% | 0020 | 0267 %6% 5% 27% 0% 0036 | 0205 a5
(AG0) 70,280 | 0.010 [ 007t 72% 8o o 6o% 0,020 [ 0.084 B0%
1000 | 0021 | 0267 25 B5% To% 61 0030 | 0453 0%
T2.262 ] 0.020 | 0.400 26% o7% To% 5% I 0.026 [ 0562 30%
Ti.167 ] 0,052 | 0404 20% BT 25% a3 5502 | 0.048 | 0515 27
0160 | 0051 | 0118 05% 66% 0% To% 5901 | 0,035 [ 0115 o7
70670 | 0.010 | 0084 99% 5% Tav% 75% 5047 | 0.024 | 0,005 3%
1890 | 0023 [ 0792 2i% T2% 20% e6% 4856 | 0026 | 0969 B6%
3700 | 0.012 | 0,046 7% 525 EEE 25% 1555 | 0016 | 0048 043
749 | 0,025 | 0.140 0% o7 0% b7% 235 | 0,04 | 0171 5%
599 | 0.017 | 0261 20% B4 28% T8% 3301 | 0010 [ 0246 S5%
7595 | 0,020 | 0148 05% 5% 27% o5% 2504 | 0,032 | 0.187 08%
5926 | 0.026 | 0,008 12% T aa, o5% 2710 0020 | 0003 B7%
6777 0015 [ 025 50t 20% To% a3 5526 | 0,020 | 0230 o5
e | it ean T oo o i ot st o [ rses s oto T ooes Tosse | —snoo
" Vopol G485 ] 0,030 | 0.137 T 50% T aav, 961 [ 2.395 | 5608 | 0.045 [ 0.120 08%
61 084 | 0025 | 0352 4% 0d% 25% B 5912 | 0027 | 0355 08%
70502 ] 0.015 [ 0334 A o1 1a% T5% 5716 | 0.022 | 0341 9%
1408 | 003 | 0313 E7IA o7 31 3 450 | 0,066 | 0418 05%
203 | 70614 | 0.026 [ 0.101 4% 025 25% 9% 4082 | 0044 | 0165 4%
05 | 0044 | 0036 | 0164 aa% 02 a2 B2 5720 | 0.046 | 0165 25%
45 | 058 | 0016 | 0410 T8 B5% To% 25% 6021 0021 | 0400 B1%
762 | 11527 | 0,057 | 0ab6 21% B4 P 96% 4228 | 0057 [ 0570 o5
500 | 7705 | 0.001 [ 0.146 o3% a2 0% 0% 3232 ] 0009 [ 0.156 9%
2748 | 0051 | 0.403 35% 76% a0 To% 5722 | 0,065 | 0459 9%
20| 73801 | 0.040 [ 0213 EE 219 25% B5% 5670 | 0.085 | 0200 A
056 | 75557 | 0,035 | 0501 1% 05% 25% 6% 7517 | 0,046 | 0616 5%
26 | 14420 | 0045 [ 0672 7o ats, 0% o6% 7502 | 0,046 | 0605 B3
051 | 75.35¢ | 0.052 [ 0236 520 B0% EET 7% 5042 | 0.068 | 0.267 S0%
3462 | 74564 | 0054 | 1279 725 B1% 2% 21 1664 | 0068 | 1442 a5
frery T30 | goors [ooss [ ose G o pian pin 7T ooor | oss |—soent
To64 | 20672 | 0076 | 0315 7% b5 37 519 15068 | 0004 | 0301 o1
5737 | 24.050 563 730 a2 T 7T 70.045 [ 0.126 [ 0707 2%
5124 | 24826 | 0062 | 0016 6% 2% 25% 0% 10085 | 0126 | 0071 2%
0935 070 | 1340 1% 76% 5% 025 72833 | 0104 | 14te 25%
[Tf02e5 29 09% £ 53 2% 2129 | 0125 | 0.4z6 B6%
To77 058 | 0253 520 a7 26% 1% 72015 ] 0.100 [ 0368 0%
5.366 o76 | 1.357 5% o0 25% 7o 5785 | 0104 | 1670 a5
" W-charnel
FD Simuationt Wim"2) Operating Target Tx Power 2 om S661% 65.85% 096% 624% 0 mm 5070%
5 52 I T S ST | S ] 55 | Tommemm
oMo PO seling Back Right | Top i Beck B Front Lot | rignt | Top s3
W 5 oo o = = = s roso | o | oer oot =
[ as67 | east | ooz | 0205 To% ETTA 20% 50 91 | 1847 | 2660 | 0.021 | 0356 51
[ 5120 | 7160 | 0020 | 0.155 o2 575 27% 1% 526 | 1389 | 5567 | 0022 | 0150 7%
N 5252 | 0010 | 016 5% 10% 125 05% 490 [ 1577 | 5784 | 0014 | 0210 5%
[ .23 | 5295 | 0020 | 0.130 0% 0% 22% 0% Ss2 | 1507 | 4291 | 003 | 0142 T
[ 5144 | 504 | 0015 [ 013t 75% 0% 7% 3% 155 | 1075 | 2807 | 0021 {0202 5%
Single Beam [ 7325 027 [ 0729 2% 7 20% 23% 733 | 2360 | 5625 | 0044 | 0815 ETEA
Hepol 65 517 | 0000 | 0264 95% 6% 70% 06% 45 | 2679 | 6792 | 0.100 | 0265 9%
(AGD) [ o757 45 0063 | 0164 76% 7% 5% 1% 825 | 3080 | 7893 | 0.066 | 0.147 00%
o227 267 4% S5 20% 1% 900 | 4050 | 7.196 | 0,030 | 0422 5%
[ 700 785 a7 KT 115 20% 70% 46 | 488 | 5567 | 0047 | 0714 7
6508 25 a7z 519 5% 55 5% 736 | 2561 | 667 | 0076 | 0525 5%
[ 6215 o77 210 6% 30 30 69% 264 | 2526 | 7222 | 0.053 | 0210 5%
[ 577 28 5% az% 310 76% 55 | 5419 | 7762 | 0058 | 0169 2%
[ [taort 853 05% 0% 2% 20% 942 | 4006 | 5266 | 0.064 | 1043 51
[ 4523 065 B2 08% 30 5% 492 | 0953 | 2014 | 0,016 | 0070 S
[ 5167 a1 7% 6% 28% 5% 736 | 1508 | 289 | 0026 | 0146 26%
& 7573 214 B 6% 53 2% o6 | T.035 | a80r | 0046 | 0220 5%
[ 5261 200 st 55 T5% 5% E a7 | 0022 | 0260 35%
I 7640 054 75% 15 75 20% 325 | 1256 | 5377 | 0064 | 0001 0%
[saas 212 71 1% 3% 50% 031 [ 2126 | 505 | 0054 | 0268 55
miase AT | e eam T Y 5o i i i T T I T T O O o
Vepol [ 2575 208 3% 4% 4% 5% 780 | 2684 | 7.165 | 0088 | 0206 1%
*61) [ [ 12,065 390 0% 17% K7L 20% 42 | 2878 | 7201 | 0045 | 0432 A
[ a5 351 25% EZA 26% 520 022 | 5717 | 6645 | 0042 | 0579 05%
[ [aris 275 b1% 70% 20% A 086 | 2071 | 5638 | 0.055 | 0370 11%
[ [Tr56m5 098 A 0% 5% 70% 045 | 2134 | 6305 | 0072 | 0.120 0%
N [ 156 29 o5% 20% 35 ETA 525 | 2666 | 750 | 0050 | 0dst 70%
[ [ 2508 306 35% 2% 38 5% 707 | 5044 | 707 | 0055 | 0325 33
15004 27 417% 36 25% 25% 344 | 5454 | 4957 | 0040 | 0851 2%
N [ro.162 210 0.41% 320 ar% 15 176 [ 2412 | 4700 | 0053 | 0248 To%
N [Ti5a76 700 761% 7% 25 52% 41 | aot2 | bo6s | 0055 | 0620 5%
N [ o186 E77) 5% 4% 40% 6% 45 | 2661 | 6053 | 0.083 | 0342 2%
T [t6.000 627 21% 21% % 5% 655 | 5007 | 6511 | 0082 | 0676 5%
i [testr 47 75 6% EIEA 7 235 | 4848 | 6508 | 0.003 | 0765 5%
[ [i6.056 249 a5 6% 7% 38 702 | 2601 | 5807 | 0135 | 033 775
oo b [ 087 512 B5% 57 0% 20% 068 | 6238 | 13,001 | 0.148 | 1600 7o
oo e I ) e T o o T P28 15 N M 2 KT pioa
[ [26501 ET) 25% 115 %6% 23% 812 | 7002 | 15732 | 0262 | 0574 70%
[ [ 26551 717 S6% 56.92% K7L a3% 431 | 7814 | T30 | 0.106 | 0967 0%
[ a1 ) 20% 56 25% 06% 280 | 6712 | 12128 | 0138 | 1706 2i%
156 [ 360 [ a2 o7 7% 77% 02% 094 [ 7785 | T6060 | 0204 | 1572 EILA
155 361 81 To% 26% 5% 1% 43 | 5578 | 15012 | 0.157 | 0644 o3%
154 521 ) T8 1% 7ath T30 376 | 6806 | 15360 | 0246 | 087 | 5203
157 714 61 a0 B5% 75 72% 602 | 718 | 11147 | 0125 | 1955 | seeo%
" Tchannel
FD Simuationt Wim"2) Operating Target Tx Power oo S738% o716% 073 EFETA T0mm FEA
S 52 N T ST | s ST ] 55 | fommemm
SISOMIMO Pon e eeting Len i et | mont | Top s
= Y oA = = o oo | omr e
8370 o2 26% 21% 15 |05 [ o027 | o0z02 %
7257 20% 05% 25 B1% 250 | 0018 | 0059 0%
7% 25% 8% 16% a7 [ 3725 [ o015 [ 0201 BT
539 20% 2% 24% 1% [—az07 [ 0040 | 0202 7a
485 36% 7% 15 16 [ 2808 | 002¢ 0128 0%
Single Boam 2% 0% 2i% 6% [ 6215 [ o060 | 0765 50%
Hepol 5% 10% 0% 8% [ 6.360 [ 0.050 | 021d 15
(AGD) 51 2% 0% 1% [ 7010 | 0.062 | 0.098 0%
1514 v 5% 25 5% [ 6555 [ 0040 | 0270 01%
13548 31 6% 20% 61% [ 5.2 [ 0045 | 0563 35
Ta115 iz 9% 28% 35 7276 [ 00aa | 0505 55
2036 25% B 26% 2% [ 6245 [ 0043 [ 0195 9%
14115 25% 2% 35% 2% [ 6.966 | 0,055 | 004 35%
T3.008 025 0% Tt EE [ s.a64 | 0040 [ 0733 7%
4579 57 1% 5% 21% [t [ 0025 [ 0100 575
5048 o7% 4% 25% BT [ 052 [ o0z 032 07
5116 at, 0% 710 1% 145 | 0,065 | 0265 05%
9050 o1 20% 17 2% [ 61 [ 0020 | 0254 3
5 40 o5 T6% 5% 35 12t {00 [0its 3%
5 625 EXE 3% S 76% 5526 [ 0054 [ 0286 520
e A1 i e oo 13478 S0 0 o 2 s0si T oo | osri 7o
Vepol 13008 B5% 5% 35 4% [ 7507 | 0.050 | 0.527 35%
*61) T2.338 57 aa% 6% 5% 7150 [ 0.065 | 0364 2%
12563 B35 5% az% 1% 6266 | 0064 | 0455 05%
13520 o5% 61% 23% 520 [ 567 | 0.051 | 0203 EE
Tazis 555 4% 36% 1% 6757 | 0059 | 0002 %%
[ a3 35 at% A |62 [ 0,053 | 0.433 09%
[ 1255 B6% 70% 520 78 7266 | o074 | 0576 9%
[ T2.408 31 51 2% 14 [ 514 0040 |05t 3%
B 6270 25% 5% 0% 5% 160 | 0045 | 0007 4%
[ [rasod E 750 EE 4% 6605 [ 0076 [ 0700 5%
[ [ B2% 9% 315 A |02 [ 0.060 | 004 26%
[ [ 37 T6% S8 25% o657 [ 0126 [ 07ia 50%
[ [ o1 1% 35 5o [ o008 [ o102 | 05 71%
[ [ 5% 215 1% 03% [ 0031 | 0086 | 0505 %
[ B3 175 % 20% | 4504 [ o148 | 108 0%
e [ 26190 59% 63% 73% 29% [ 16272 | 0202 | 0887 3%
[ 26063 KT 93% 0% 2% [ 7686 [ 0177 | 0.440 0%
205 5% 5% 2% 6% [ a6 | o007 | 0685 2%
788 o7 70% 26% 2% [ is2e [ o126 | 1262 70%
551 o5% 0% 5% 1% [ 17515 | 0206 | t667 5%
155 B2% 9% 5o ETE 480 | 5.183 | T6.000 | 0.162 | 0631 %6%
493 35% 08% 4% 26% Toa | 7419 | To55 | 0216 | 046t 30
25 56% 0% 25 75% 505 | 5505 | 12408 | 0142 | 1357 aa%




4.1.2 mmWave Ant 2 — Patch Antenna
Table 4 & Table 5 show the PD simulation evaluation of mmWave Ant 2 at 28 GHz / 39 GHz for the
corresponding evaluation planes specified in Table 1.



Low Channel

Table 4. PD of mmWave Ant 2 patch antenna (28GHz — n261)

Lchannel
0.38%

D SmultonWin2) Operatng Targt Tx Power T o I T oo T
ST 2 [ s [ s [ s ST 52 | 55 [ i [ 55 | fommzmm
Ssommo. POt aeting seamD | Font | Back | Lot T | " 5 s
[ 006 o1 1% 775% T B [ Ta%
[ ot 025 &% T0% 13% 2% 604 | 3867 [ 001 7%
[ 073 024 2% 27, 1% 26% o5 | asor [ o0t7 5%
E 1 073 7 at, 16% 2% 8% | 3026 [ 0016 B9%
[ ot 004 7% o7 T3% 05% 785 | 4asi | oota a4%
[ 016 056 5% 3% 20% 6% 341 | 4083 | 0020 | B7%
Single Beam [ 013 03t 0% a3, o8 To% at6 | 7407 [ 0052 | o 0%
Fepol [ 020 013 &% 70% 12% o7 306 | 8551 | 0025 | 38%
(Ac0) [ 035 023 ot a3, 20% 5% 733 | 655 | 0043 [ 5%
015 076 oT% 3% 31% AT 251 | 8263 | 0088 | 6 9%
[ 030 102 2% 1% 28% 7% 306 | 5802 | 0.058 | 3 207,
[ 014 022 T 6% o8 2% 75| 6290 | 0.020 | 5%
[ 077 016 o7 2% 16% o05% 273 | 8566 | 0034 | 1 7%
[ 045 020 7% 0% 28% Ti% 77 | 593 0086 | o 7%
[ 030 152 B8% 7% 27% 8% g5 | oi0 | 0%
[ 006 017 7a% 3% 5% a3, 580 | o7 |1 5%,
[ 015 037 s 9% 19% a7 2% |3 016 | 2 11%
08 004 5% ar, o8 o, ot 000 | 5 5%,
012 oi7 8% 50% 15% 57% ot 016 | 3 3%
010 016 Ta% 0% Ti% 21, 75 | 72 |4 5%
006 026 o3% 1% 0% 2% G7] 012 02%
Ll [ g iiz i ot o1 Toi T T i oo i
V-pol 037 016 7 Tov 25% To% 3906 | 7 o052 | ¢ 2%
1) 036 00 0% 0% 2% 6% 244 | 7605 | o047 | < 52%
019 ots 26% To% T 0% 002 | 787 | 0024 | 1 asn,
030 o1 61% 2% 21% 72% 369 | 5650 | 003 | 7%
030 025 o7% 6% 2% To% 436 | 7496 | 0051 | 36%
038 015 2% 7% 2% %% 311 | 8190 0051 | < 0%
029 017 o1% 0% 7% 0% 205 | 7981 | 0035 [ 1 o7
032 036 78% 7% 20% 23% 544 | 6603 | 0046 155 03%
017 05 31% B5% 0% B3% 004 | 2457 | 0024 | - 156 7%
030 082 0% 1% 7% a7 76 | 10216 | 003 | 360 %%
034 034 0% o2, To% Te% S51 | 0501 [ 0046 [ 1 12 a9,
015 150 50% 2% 26% B9% 769 | 7582 | 0060 | 5i0 75%
030 o3t 2% 10% 16% 7% 727 [ 0718 [ 0041 229 55%
034 oz 2% 5% To% 5% 55 | i | a75 o5%
208 2% 3% 20% 2% K I 709 | 913 2%
pretest 034 2% 7% 26% 0% 573 1 750 | 20230 | 0.160 20%
036 0% 7% 3% 1% 299 1 173 | t101 | 0153 6%
125 % To% 3% 6% 085 754 | 20330 | 0506 31%
418 0% 2% 7% 6% 356 | 1 130 | 12656 | 1528 1%
[ 3] % 5% 25% 8% 27 | 0 | 507 [ 0346 701%
367 [ 0038 8% 7% 2% 1% T0407 | 1 612 [ 0138 9 98%
752 | 2 025 | 0.05¢ 2% 9%, 35% T5% T0.060 | 7 350 [ 0ot 0.94%
763 | 1 063 [ 0223 20% 5% 3% 7% 152 202 | 1021 517%
- channel
FD Sinuationt Wim"2) Operating Target Tx Power 2 mm 6054% 5541% Caa% T66% 70 mm 6T.10%
ST 52 Eg 51 E3 ST 52 [ 55 [ s [ 55 | fommznm
SISOMMO Ponerseting Boam ID Right i Front | o0 s
39005 3% 7% % 31% 5% o051 | aisi
3 500 53435 Ta% s 7% 0% 652 ot | s260%
[Ca2i72 52625 31% 2% 21% 0% 651 Tia | so7on
2008 78622 5% as% Ta% o5% Bo4 200 | s60%
3016 55740 To% T To% 0% 536 a4 | 50507,
35110 50523 61% 70% 21% 7a% 522 202 57%
Single Beam 69046 750526 25% o7% 09, 7% 225 273 21,
Hepol 5002 T6.7751 T B35 3% o7 760 036 0%
(AGD) Bo677 160605 5% To% 200 2% 051 083 o7
78635 52111 0% B%% 0% o0% 019 25 | s507
5 7458 10,0536 229, as% 279 o6% 237 660 | a2,
78316 167228 05% B%% 3% 1% 963 or7 | so77
63793 T6.6087 5% as5% 1% Ti% 077 081 | 60.60%
85165 167030 6% o%% 28% 15% 662 Tio | b75u%
71764 752957 o5% o8 26% 25% 308 754 [ stao%
T804 36674 20% 25% Tov s 558 064 |—a0.00%
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Low Channel

Table 5. PD of mmWave Ant 2 patch antenna (39GHz — n260)
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