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1. Simulation methodology for Power Density (PD)

1.1 Simulation tool
1.1.1 Tool description

For the simulation approach to calculating power density (PD) evaluation for mobile phone with
mmWave antenna modules, ANSYS Electromagnetics suite version 2020.R2 (HFSS) is used. ANSYS
HFSS is one of several commercial tools for 3D full-wave electromagnetic simulation used for antenna
and RF structure design of high frequency component. ANSYS Electromagnetics suite version 2020.R2
(HFSS) is implemented based on Finite Element Method (FEM), which operates in the frequency
domain.

1.1.2 Mesh and Convergence criteria

To solve the PD analysis using FEM, volume area containing simulated objects should be subdivided
into electrically small parts that are called finite elements as the unknown functions. To subdivide
system, the adaptive mesh technique in ANSY'S Electromagnetics suite version 2020.R2 (HFSS) is used.
ANSYS Electromagnetics suite version 2020.R2 (HFSS) starts to refine the initial mesh based on
wavelength and calculate the error to iterative process for adaptive mesh refinement. The determination
parameter of the number of iteration in ANSYS Electromagnetics suite version 2020.R2 (HFSS) is
defined as convergence criteria, delta S, and the iterative adaptive mesh process repeats until the delta
S is met. In ANSYS Electromagnetics suite version 2020.R2 (HFSS), the accuracy of converged results
depends on the delta S. Figure 1 is an example of adaptive mesh of the device (cross-section of top
view).
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Figure 1 Example of the adaptive mesh technique (Top view)



1.1.3 Power density calculation

After solving 3D full-wave electromagnetic simulation, various kinds of physical quantities can be
obtained. To calculate PD evaluation, two physical quantities, an electric field (E) and a magnetic field
(Ff) are needed. The actual consumption power can be expressed as the real term of the Poynting vector

(§) from the cross product of E and complex conjugation of H as shown below:
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@ = Re (5E x ")
(§) can be expressed as point power density based on a peak value of each spatial point on mesh grids,
and obtained directly from ANSYS Electromagnetics suite version 2020.R2 (HFSS).

From the point power density (S), the spatial-averaged power density (PD,,,) on an evaluated area (A)
can be derived as shown below:
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, where the spatial-averaged power density (PD,,,) is total power density value considering on x, y and

z components of point power density (§) and the evaluated area (A) is 4cm?.

1.2 Simulation setup
1.2.1 3D modeling

Figure 2 shows the simulation model which is mounted two mmWave antenna modules. The
simulation modeling includes most of the entire structure of device itself such as PCB, metal frame,
battery, cables, and legacy antennas as well as mmWave antenna modules called as Ant J and Ant K.
The modeling contains the entire EUT to enable a Smart transmit GEN2, as well. Ant J is placed on the
back side and antennas are facing the back side, and Ant K is placed on the right side and antennas are
facing the right side of the device.
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Figure 2 Simulation model which is mounted two mmWave antenna modules

1.2.2 PD evaluation planes

Table 1 shows the PD evaluation planes for each mmWave antenna module and Figure 3 shows the
PD evaluation planes and truncation area of the simulation model to find worst case of beamforming
cases. In the Ant J and Ant K cases, five PD evaluation planes except bottom side are set up. The Ant J



and Ant K are placed at the upper of the device and the bottom side is excluded from the worst case
because the distance from the bottom side is more than 10 lambda at 28GHz and 39 GHz.

Please note that the “right” and “left” edge of mentioned in this report are defined from the perspective
of looking at the device from the front side.

Table 1. PD evaluation planes
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Figure 3. PD evaluation planes

1.2.3 Boundary condition

To simulate 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 version 2020.R2 (HFSS) can support the absorbing boundary condition (ABC)
for radiation boundary and make normally a quarter wave length from the radiating structure. In this



report, to cover all beamforming cases of mmWave antenna modules, 40 mm spacing from the device
for each surfaces were adopted. This distance is sufficiently large enough for “Qualcomm MG script”
to extract valid E- and H-fields from all adjacent exposure surfaces of the EUT.

1.2.4 Source excitation condition

The number of antenna ports of ANT J and ANT K for source excitation are the same. The antenna
port of ANT J and K is divided into 10 ports for n261 1 x 5 patch array antennas, 10 ports for n260 1 x
5 patch array antennas. In the 10 ports included in each patch antenna, 5 ports are divided into vertical
polarization feeding, and the other 5 ports are divided into horizontal polarization feeding.

Figure 4 shows the ANT K module structure and surrounding structure. The ANT K module is
encrypted in the ANSYS Electromagnetics suite (HFSS) and can only check the feeding position.

Right (S4)
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Figure 4. mmWave module (ANT K)

After finishing 3D full wave electromagnetic simulation of modeling structure, the magnitude and
phase information can be loaded for each port by using “Edit Sources” function in ANSYS
Electromagnetics suite (HFSS). Figure 5 shows an example of antenna port excitations.
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Figure 5. An example of port excitation (ANT K)

Since ANSYS Electromagnetics suite (HFSS) uses FEM solver based on frequency domain analysis
method, the input source for the port excitation applies sinusoidal waveform for each frequency.

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.

2. Simulation verification

2.1 Spatial-averaged power density and sim.power.limit

As mentioned in the previous chapter, the Poynting vector (§) can be obtained through cross product

of an electric field (E) and complex conjugate of a magnetic field (ﬁ). 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? 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 (Example)

For the Smart transmit GEN2, the “Qualcomm MG script” were used to extract E- and H-fields from
the validated simulation and to assess the mutual coupling between all the mmWave antenna modules
and all the beams in the codebook to determine the backoff value for each mmWave module. Note the
assessment and backoff value derivation are automated with “Qualcomm MG script”. Once the script
is done with assessment, it will provide the sim.power.limit (backoff is already included) for all the
beams for all three channels for the specified PD design target. This mode take the minimum
sim.powerimic out of all three channels (low, mid and high) and use the resulted sim.power.limit.

2.2 Comparison between simulation, measurement

In this section, the simulated-power density distributions and measured-power density distributions
are compared to each mmWave antenna. Furthermore, to verify the Smart transmit GEN2, the PD
distributions printing out from the “Qualcomm MG script” are added.

Based on comparison of power density distributions, the power densities of simulated, measured and
the “Qualcomm MG Script” have a good correlation. The discrepancy in amplitude between the
“Qualcomm MG Script” 4cm? averaged power density and measured 4cm? averaged power density is
considered as housing influence and used in determining input power limit for each beam for RF
exposure compliance.

The input powers per each active port are listed below for both Simulation and Measurement
validation and power density characterization. For Simulation, these values were entered directly into
HFSS model. For measurement, FTM S/W was used to input these values for each active port also.



Case 1 : Folder Open

Input Power (dBm) | Input Power (dBm)
Mode/Band Antenna
SISO MIMO

J Patch 6.0 6.0
5G NR n261

K Patch 6.0 6.0

J Patch 6.0 6.0
5G NR n260

K Patch 6.0 6.0

Case 2 : Folder Close

Input Power (dBm) | Input Power (dBm)
Mode/Band Antenna
SISO MIMO

J Patch 6.0 6.0
5G NR n261

K Patch 6.0 6.0

J Patch 6.0 6.0
5G NR n260

K Patch 6.0 6.0

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

Case 1 : Folder Open

FO Part#0 * [Meas. PD] pStot Average Area : 4Cm?
PLS Sim. PD Meas. PD
B h | M le| T P D i B ID
and Channe odule | Type(P or D) | Side | Beam (10 dBm) | mW/em2) | (mW/em2)
) Patch Rear 32 1.70 0.95
Rear 150 1.67 0.98
g o | o
n261 | Ch. 2077891 F'g 33 60 X o
(27923.5 MHz) | K ron ' :
Rear 161 0.73 0.223
Patch Right 1.60 0.593
Front 155 0.91 0492
| Patch Rear 33 1.71 0.92
Rear 162 1.14 0.55
wid e [ T2 T o
n260  Ch. 2253331 F'g | 28 60 555 N
(38449.9 MHz) | K ron ' '
Rear 165 0.74 0.21
Patch Right 165 1.24 0.76
Front 164 0.60 0.28




Case 2 : Folder Close

FC Part#0 * [Meas. PD] pStot Average Area : 4Cm?
PLS Sim. PD Meas. PD
Band Channel Module | Type(P or D) | Side | Beam ID
an anne odule | Type(P or D) | Side | Beam ID| 10 yp o | (mw/em2) | (mW/em2)
Rear 32 1.68 115
Lef 44 31
) Patch Rzatr 13500 ? 65 ? ?4
Mid Left 159 0.67 0‘49
n261 Ch. 2077891 Re 26 60 0'65 0'29
(27923.5 MHz) Patch ! : '
¢ Right| 33 163 052
Rear 0.69 0.218
Patch 161
atc Right 1.60 073
Rear 33 1.68 0.82
! Patch lRZEft 162 ?Zi gég
Mid L:?tr 160 050 038
n260 | Ch. 2253331 e 27 60 0.60 524
38449.9 MH Patch ' :
( 2) ¢ Right | 28 129 0.85
Datch Rear | 165 0.70 032
Right| 165 1.23 078




Case 1 : Folder Open

® Table 2-1-1, n261 ANT J-Patch: Mid Channel, Beam ID 32

Beam ID | Surface

View

Simulated PD

Measured PD

Print out from

32 S2 (Rear)

ANF

Qualcomm MG Script

® Table 2-1-2, n261 ANT J-Patch: Mid Channel, Beam ID 150

Beam ID | Surface

View

Simulated PD

150

S2 (Rear)

3

Measured PD

Print out from
Qualcomm MG Script




® Table 2-1-3, n261 ANT K-Patch: Mid Channel, Beam ID 33 and Beam ID 26

Beam ID | Surface View Simulated PD Measured PD AU .
Qualcomm MG Script

S4 (Right)

33

S1 (Front)

26 S2 (Rear)




® Table 2-1-4, n261 ANT K-Patch: Mid Channel, Beam ID 161 and Beam ID 155

Beam ID | Surface View Simulated PD Measured PD TN ]
Qualcomm MG Script
AVE’ K

S4 (Right)

161 —

IANT K D

S2 (Rear)

|:| ANHTK

155 [ s1 (Front)




® Table 2-1-5, n260 ANT J-Patch: Mid Channel, Beam ID 33

Beam ID | Surface View Simulated PD Measured PD

Print out from
Qualcomm MG Script

AN
33 S2 (Rear)

® Table 2-1-6, n260 ANT J-Patch: Mid Channel, Beam ID 162

Beam ID | Surface View Simulated PD Measured PD

Print out from
Qualcomm MG Script

AN
162 S2 (Rear)




® Table 2-1-7, n260 ANT K-Patch: Mid Channel, Beam ID 27 and Beam ID 28

Print out from

Beam ID | Surface View Simulated PD Measured PD Qualcomm MG Script

ANI['|K D

27 S2 (Rear)

s4 (Right)

28 —

S1 (Front)




® Table 2-1-8, n260 ANT K-Patch: Mid Channel, Beam ID 165 and Beam ID 164

Print out from

Beam ID | Surface View Simulated PD Measured PD Qualcomm MG Script

IANT K D
ANTJ
S2 (Rear)
165 —
ANT K
S4 (Right)

164 S1 (Front)




Case 2 : Folder Close

Beam ID | Surface

® Table 2-2-1, 1261 ANT J-Patch: Mid Channel, Beam ID 32 and Beam ID 30

View

Simulated PD

Measured PD Print out from

32

S2 (Rear)

Qualcomm MG Script

30

S3 (Left)

® Table 2-2-2, 1261 ANT J-Patch: Mid Channel, Beam ID 150 and Beam ID 159

. . Print out from
Beam ID | Surface View Simulated PD Measured FD Qualcomm MG Script
150 S2 (Rear)
159 | s3 (Left)




® Table 2-2-3, n261 ANT K-Patch: Mid Channel, Beam ID 33 and Beam ID 26

Beam ID | Surface View Simulated PD Measured PD RteRtion] .
Qualcomm MG Script
ANT K D
NT J
26 S2 (Rear) a
ANT K
33 S4 (Right)

® Table 2-2-4, 1261 ANT K-Patch: Mid Channel, Beam ID 161

Beam ID | Surface View Simulated PD Measured PD T
Qualcomm MG Script
ANT K |:|
NT J
S2 (Rear)
161 —

ANT K

s4 (Right)




® Table 2-2-5, n260 ANT J-Patch: Mid Channel, Beam ID 33

Beam ID | Surface

Simulated PD

Measured PD

Print out from
Qualcomm MG Script

33

S2 (Rear)

S3 (Left)

® Table 2-2-6, 1260 ANT J-Patch: Mid Channel, Beam ID 162 and Beam ID 160

Beam ID | Surface

Simulated PD

Measured PD

Qualcomm MG Script

Print out from

162 S2 (Rear)

160 | S3 (Left)




® Table 2-2-7, n260 ANT K-Patch: Mid Channel, Beam ID 27 and Beam ID 28

Beam ID | Surface

Simulated PD Measured PD

Print out from
Qualcomm MG Script

27 S2 (Rear)

28 S4 (Right)

® Table 2-2-8, n260 ANT K-Patch: Mid Channel, Beam ID 165

Beam ID | Surface

Simulated PD Measured PD

Print out from
Qualcomm MG Script

165

S2 (Rear)

S

=

S4 (Right)




The Smart transmit GEN2 cannot be finalized until the additional verifications are performed and
passed. Follow the below steps for verifications in the mid channel:

VERIFICATION 1: Use “Qualcomm MG script” to print the PD plots for all the beams selected and
evaluated for model validation.

- Throughout above comparisons (Table 2-1-1 to 2-2-8), the model validation including MG script
were verified.

VERIFICATION 2: Contribution factors from Qualcomm MG script and from HFSS for selected
beams, and normalized combined PD verification, for A3ALSMF926U device with 2 QTMs. The printed
contribution factor from Qualcomm MG Script was within 2% numerical tolerance of the simulated
contribution factor. Additionally, the normalized combined PD is < 1.0.

Case 1 : Folder Open

[n261 band]

Worst-case surface: S4 (Right surface)
Worst-case location (X,y,z) in meters: Worst 4cm2 PD value location is 0.06660m, 0.04890m, -0.00490m
PD design target (W/m?) 6.166
Values printed from Qualcomm MG Script Values obtained by OEM using EM simulation tool
verification.sim. ..
~ c(ij) | Backoff ,{owe,,. , simulated 4cm2 PD(ij) at (0.06660, 0.04890, -0.00490) at Comutuea(i)=
QTM # | Beam ID | i=beam ID | factor o e er onS4 4em’PD(ij)/
i=QTM# b (before backoffs) verification.sim.power ;,;, on PD design. target
[dBm] _ _
0 148 0.017 0.977 2.01 0.10447 0.017
1 152 1.000 0.955 1.91 6.16594 1.000
Verify 1: (C(i,j) = Cipuiarea(ij), i =148, 152;j =0, 1
Verify 2: |b,*c(148,0) + b, *c(152,1) = 0.977%0.017 + 0.955*1.000= 0.972 < I
[n260 band]
Worst-case surface: S4 (Right surface)
Worst-case location (X,y,z) in meters: Worst 4cm2 PD value location is 0.06660m, 0.05490m, -0.00690m
PD design target (W/m%) 6.166
Values printed from Qualcomm MG Script Values obtained by OEM using EM simulation tool
verification.sim. ..
| e | Backoff pfower,. , simulated 4cm2 PD(ij) at (0.06660, 0.05490, -0.00690) at Cimutuea(i)=
QTM# | BeamID | i=beam D | - factor before b: ’i:’offs) verification.sim.power on S4 4om’PDI(ij)/
j=QTM # b; (before bac ’ P fimit PD_design_target
[dBm]
0 150 0.023 0.977 3.52 0.13907 0.023
1 156 0.998 0.955 3.56 6.14955 0.997
Verify 1: |C(i,j) = Cuaea(j), 1 = 150, 156, =10, 1
Verify 2: |b,*c(150,0) + b ;*c(156,1) = 0.977*%0.023 + 0.955*%0.998=0.976 < 1




Case 2 : Folder Close

[n261 band]

Worst-case surface: S4 (Right surface)
Worst-case location (X,y,z) in meters: Worst 4cm2 PD value location is 0.06660m, 0.06190m, -0.00690m
PD design target (W/mz) 6.166
Values printed from Qualcomm MG Script Values obtained by OEM using EM simulation tool
verification.sim. ..
ij Backoff Caim =
ot # | Beam D | i N (i) | eter POWer i simulated 4em2 PD(ij) at 0.06660, 0.06190, -0.00690) at st ()
cam ! B cam (before backoffs) verification.sim.power ,; on S4 dem PD(IJ)/
= i esign_targe.
j=QTM # b (dBm] PD_design_target
0 157 0.017 0.977 2.08 0.10368 0.017
1 27 1.000 0.955 3.4 6.17316 1.001

Verify 1: |C(ij) = Coimutarea (bj), 1 = 157, 27:j = 0, 1

Verify 2: |b,*c(157,0) + b, *c(27,1) = 0.977*0.017 + 0.955*1.000= 0.972 < 1

[n260 band]
Worst-case surface: S4 (Right surface)
Worst-case location (X,y,z) in meters: Worst 4cm2 PD value location is 0.06660m, 0.05490m, -0.00690m
PD design target (W/m%) 6.166
Values printed from Qualcomm MG Script Values obtained by OEM using EM simulation tool
verification.sim. ..
ij Backoff Caim =
o) e POWEr simulated 4cm2 PD(ij) at (0.06660, 0.05490, -0.00690) at st ()
QTM # | BeamID | i=beamID | factor R 4em’PD(ij)/
. (before backoffs) verification.sim.power ,,; on S4
j=QTM # b; PD_design_target
[dBm]
0 150 0.022 0.977 3.57 0.13281 0.022
1 156 0.999 0.955 3.45 6.162338797 0.999

Verity 1: |C(ij) = Cimutarea (bj), i = 150, 156, j =0, 1

Verify 2: |b,*c(150,0) + b, *c(156,1) = 0.977%0.022 + 0.955%0.999=0.976 < 1




VERIFICATION3: Measured 4cm” PD on worst surface and combined PD at worst-case location for
A3LSMF926U device with 2 QTMS. The device should be measured at the reference power level and
scaled to the input.power.limit. The combined PD should be less than or equal to the PD_Design Target
within the uncertainty at the reference power level.

Case 1 : Folder Open

[n261 band]

c(ij) . .. R . Measured PD at reference power
QTM # Beam ID i=beam ID Pominant surfac dem2 PD a-t nput power.limit ?n mput.powcnllrl:m f{bctf ore permancnt power level on Beam Dominant
i=QTM # QTM dominant surface (W/m”) ackoft) Surface (mW/cmz)
0 148 0.017 S3 (Back) 5.961 3.5 1.060
1 152 1.000 S4 (Right) 4.198 3.4 0.764

¢(148,0)*meas.4cm’PD(148,0) + c¢(152,1)*meas.4cm’*PD(152,1)

combined PD at the worst-case location (x,y,z) R
=0.017*5.961+ 1.000*4.198 = 4.299 W/m"

PD_design_target + uncertainty at reference power level of 0.5 dB |= 6.166*10(0.5/10) = 6.918 W/m*

Verify|combined PD <PD_design_target + uncertainty at reference power level

[n260 band]
c(iy . . X o Measured PD at reference power
QTM # Beam ID i= be(:]rzl ID  Pominant surfac dem2 PD a,t input. power. it Tl input.power.limit (before permanent | ot jovel on Beam Domiant
i=QTM# QTM dominant surface (W/m") backoff) Surface (mW Jon?)
0 150 0.023 S3 (Back) 5.161 5.7 0.553
1 156 0.998 S4 (Right) 4.372 4.4 0.632

¢(150,0)*meas.4cm’PD(150,0) + c(156,1)*meas.4cm’*PD(156,1)

combined PD at the worst-case location (X,y.z) N
=0.023*5.161 + 0.998%4.372 = 4.481 W/m"

PD_design_target + uncertainty at reference power level of 0.5 dB |= 6.166*10(0.5/10) = 6.918 W/m*

Verify|combined PD <PD_design_target + uncertainty at reference power level

Case 2 : Folder Close

[n261 band]

c(ij . . . - Measured PD at reference power
QTM # Beam ID i= bc(:]ril ID  Pominant surfac: dem2 PD a‘t input. power. it (zm nput power.fimit (before permanent power level on Beam Dominant
i—QTM# QTM dominant surface (W/m’) backoff) Surface (mW/er?)
0 157 0.017 S3 (Back) 5.217 2.8 1.090
1 27 1.000 S4 (Right) 6.396 6.1 0.625

c(157,0)*mcas44cm2PD(l57,0) + c(27,l)*mcas.4cm2PD(27,1)
=0.017%5.217 + 1.000%6.396 = 6.483 W/m’
PD_design_target + uncertainty at reference power level of 0.5 dB |= 6.166%10(0.5/10) = 6.918 W/m’

combined PD at the worst-case location (x,y,z)

Verify|combined PD <PD_design_target + uncertainty at reference power level

[n260 band]
c(ij) 4 PD ati . . L. Measured PD at reference power
QTM # Beam ID i=beamID | Dominant surface 0:1\2/[ d a,t mput,p(f)wer,ln‘n/n (z)n mpuLpoweLhr;:if(t;efgre permanent power level on Beam Dominant
j=QIM # Q ominant surface (W/m’) Surface (mW/cmz)
0 150 0.022 S3 (Back) 3.845 4.2 0.582
1 156 0.999 S4 (Right) 4.116 4.2 0.623

c(l50,0)*meas.4cm2PD(150,0) + c(156,1)*meas.4cm2PD(156,1)

combined PD at the worst-case location (x,y,z) )
=0.022*3.845 + 0.999*4.116 = 4.193 W/m

PD_aesign_Target + Unceramry at TCTETCNCe pOwWeT IEVETOI U.5 B
in = 6.166%10(0.5/10) = 6.918 W/m

Verify|combined PD <PD_design_target + uncertainty at reference power level




3 Simulation results

This section shows the PD simulation results of Ant J and Ant K at 28GHz and 39GHz for each
evaluation plane specified in Table 1 at two separation distances of 2mm 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 the 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 0 Report.

3.1 PD for Low/Mid/High Channel at 28GHz / 39GHz
Case 1 : Folder Open
3.1.1.1 Ant J- Patch Antenna

Table 3 and 4 show the PD simulation evaluation of Ant J patch antenna at 28GHz / 39GHz for the
corresponding evaluation planes specified in Table 1.

Table 3. PD of Ant J — patch antenna (28GHz —n261)

- J-patch Low CH

max ratio out of ‘max ratio out of all beams
oo
wcn o) son i 2o sox o POl )t 1o etunton distancs wm w o | e
T T
o [Mocute| ime [seam10_1(aema 10 afreed o atio tio tio tio tio e |t e
(Left 2mm)/(worst- | (Bottom 2mm)/(worst- [(Fornt 2mm)/(worst{ (Top 2mm)/(worst- worst-surface Jommiworst - v
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J-patch Mid CH
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Table 4. PD of Ant J — patch antenna (39GHz — n260)

J—patch Low CH

max ratio out of

max ratio out of all beams

I

4cm2 PD(mW/cm2) 6.4% 33% 29% 19.5% 4cm2 PD(mW/cm2) at 10mm evaluation distance 70.4% 70.4% 0.9% 0.4%
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4cm2 PD(mW/cm2) 57% 2.8% 1.6% 13.2% 4cm2 PD(mW/cm2) at 10mm evaluation distance 713% 713% 12% 0.4%
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J—patch High CH
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3.1.1.2 Ant K — Patch Antenna

Table 5 and 6 show the PD simulation evaluation of Ant K patch antenna at 28GHz / 39GHz for the
corresponding evaluation plane specified in Table 1.

Table 5. PD of Ant K — patch antenna (28GHz — n261)
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max ratio out of ‘max ratio out of all beams
i beame
e —— ™ ™ ™ ™ scm2 Pl em2) ¢ 0 evaluston dstance ™ am x| e
No. |vodte| e [seam 10_sfaems 10_2{fec no e et ot
Left Uit t- (Bottom 2mm)/(worst- |(Fornt 2mm)/(worst{ (Top 2mm)/(worst- 1omm)/(worst- o +

surface 2mm) surface 2mm) surface 2mm) surface 2mm) (10mm/2mm) surface 2mm) surface surface

omn | o)

= T T om e | ow | ow | ow | om o FE3 T % T T T T T T o e Yo
e 5 oo oo |00 |00 | 010 oo ook ¥y s 3 610 T 000 [ o01 | o | a6s T oo o 773 FYR TS
i n o oo oo T oee | o T om e S oo FryTy I T T T T T oo pryTy T TS
o] s T os oo oo | cor | oz o o 3 rT: e o1 000 coc | cor | oo | oor T ssox T3 [T T
e ) T ose oo o0 | 000 |0z oz o o e Sou 652 T o0 [oor | 0w | a10 [ o S s om T om
e y T os T oo | oo | oo oae o e oo oo i O T T T T T T S T om
Fer] 1 T oas T o0 o0 | cor | o1 | ois o rou Sson Toox o16 |00 cos | sor | oo | oo T e frvs oo
[er i T ose oo o0s o0 |02 [on o o5 e oo 625 T o0 [ 003 | 0w | a10 [ oa0 T sas Trow T o
e B Tt T oo | oo | cw | osr | om o oo i o ea T oo T oo T ow | ca0 T on i Soow oo
Fec] % F I N T T 0 Y Y o o S ¥ o000 o0s | oo | oo | oo T e Yy o om
e a s ise oo o1 | oo | oss [ os o s o o 657 T o000 [o0r | 005 | ass T oa T ser D oo
Fec] P e 5T oo o | cor | o5 o o oon e oo oo oo o[ oo | on | or v . oo
e 2 T T O T o 3 T 3 oas 000 | o0 | o0 | oz | om [ s Soow oo o
[ee o s ros o o | oo | om [ oss 0 o yrs o o6 000 006 |00 | o1 | om Trs piats o T om
e r +iar T oo | o | cor | car T om o Ty o o o Y R Y T YT (Y Iy T oe
[ o E I 0 K Y T Y o o S Yo o5 000 oo | oo | oar | o1 T ss0 oo T T
o] ) s oo o 0w |05 [ om o5 o doon FEs oee o0 o0 [ o0 | oai o3 S50 pis oo T ow
i o s s T oo oo | o ose oo o S daon e ear T oo | oo | ow | oo T on e pES oo
3 S s T oo |0 | cor | oz | ose o 3 TS TS oas 000 | o1s | oor | os | oar io toow oo o5
[ 51T os0 oo o0 [ oo [ oms | ou o0 o Iy o o1 000 | o0r | 000 | 006 | 005 | ses FrSTY oo T om
% T+ T o3 o0 oo oo ot T oie o oo Toon Yy T Y R T T T3 Y e oo T o
e 1|02 T 000 T o0r | oo | o1 | ot oo Gox £ Tou 600000 | oor |00 |00 | aos T saes o oox T oes
7] 172 T o0 o0 Toor [ oo | oas | os o1 o So o 025000 005 [ 000 [ o1 | o1z o i o T ow
. t T+ T o6 T oo o |00 os T om o oo v Py T Y T T Y YT T o ST om
5] 13—+ o T 000 [ oor | oo | om |0 o oS £ wox o35 000|005 |00 | o1 | o1 I aase row o1 om
i fa0 T3 T oa oo Tooi 000 [ o1 [ o1s o oo s s o1 000 002 |00 | 006 006 I 3056 FTEs o1 on
[er] te T+ T ose T oo Tour oo on T or oo oo [y i T T T BT IV Y T e oo
[er] tis—T s ors T 000 o0 | o0 | 0w | om o Sox oo S 036000 | o0r |00 | om0 | o1 ¥ ses Fats oax T 006
FE o« | o 1ae T os Too0 o1 oo o8 o o o5 o e o2 000 [o0r [ oo [ ons o1 Fsom% s o T om
[ec] t T+ T i%e Tow oo | on | oo T o n oo i o 7 T T T T Y GRTTE Y FiTS T
[e] 15T iss 000 oo | oo | ors |07 o S Fiats 2o o7 000 | o0r | oo | o3 | oes f asse rox o1 om
[ec ] 18 s T 19 oo oo oo | os [ oss o o S s o000 o0 [ oo [ 0w [ os T s 3 o7 o
e i s T ie T oo T os [0 | tor T or ) oo e vy I Y N T B Y T Ty ST o
[ee] tse 5136 000 | os | o0 | oss |06 o oo do 250 I T 7 T R 5% TS o1 on
[es ] 165178 000 006 T o0t o8 [ o0 o o Son S o7 000 oo | ooi [ o5 [ os I aiow 2015 o T oo
o te—T s tse Tooo oo | oo | oee T oee ) s e pr o T T T T T i TS T om
ror] i s 1es 000 T o0r |00 | oo |05 o o B 3 o7 000 | o0r | o0 | ow | om I sawe ron o1 o
[or de s T in T oo Tose oo [ os oz o1 o firs 1576 o000 o2 [ 000 [ o3 | oar 2o 20 o T om
o] 1T+ o o0 oo [ oo | om0z ) oo Tom oS N T T T T YT TV FE¥TY T ore
[oc] T o Tow oo | cw | os [ ow o Con Ty Sou o2 000 | oor [ oo [ on o1 ¥ aine Teow o T o6
o e N S Y08 Y Y BTN B E R o o IS 06 o2 000 oo oo T on o1 fsew o5 o T ow
o] i+ T ie oo o[ o | or | oe ) ¥y o o T N T T YT YT TR IS . T
o] 1| —a T ise 000 oo | o0 | os0 | 0es o oo S ey oo T 000 | o0r [ oo | o [ os fasre o o T om
[oe] 13T+ T 12 o0 ot oo T os oes o oo o o o5 000 o0r o0 [ oar o3 icon TS w1 om
e v+ oo o0 o [ oo | ou o ) S s s T Y T T Y YN T3 IS T
o] v ae s T 1ar o0 oo | oor | oss | oss o vox doon Tox o5 T 000 oo | oo | oa | om ¥ aims o o1 o6
ot} s T+ T i o0 T oo o0 [ os os o o o iy o7 000 oo |00 T oi0 | os S Yy oo
[iat] vie 1|+ i1 o0 [om | oor | os |05 n G s T N N T BT Y YT TS oo . T
ios] v a0 | wor T oo o | oo | am | 1e oo ¥y Sor s oo oo T o1e | o0 | os | o0 FiaTy oo CE TS
[ 155 T2t 3o oo o [ oor 214 [ 10 o o oo oo T oor o0 oo 100 [oss T sane Py FETI TS
e FE N T T 0 YT T3 B I oo o S FES o oo oor | oo | oo | ose T soex Somw oo
[ice] tss 10|50 000 [ oas | oor [ iso | 1es o oo oo Tiow P TN TN N I AT A Ty o1 om
07 1o T 10 T 5o Toor o o0 [ iss 16 o o oo poTs T oo Tosr o T os [or I sem 20 CET T
et o510 a0 oo o | oo |2 1 oo ¥y o o FY N N T I T T Iy T
[ | i 510|300 oo oo | oo |20 170 o oo coo s o T o0 o |00 |10 s I sse o o1 om
[io] S N N T Y Y T Y5 W R o oo S S oo o0 [ oor [ o% | on Soon 2eon o T om
Y i 5T 10T 2e Ton Ton T oo | i T 16 oo Gox S o FE 7 T T T 2 YT NS TS o T o




- K-patch Mid CH

max atio out of max rato out of all beams
allbeams
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K-patch Low CH

Table 6. PD of Ant K — patch antenna (39GHz — n260)
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K-patch Mid CH
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Case 2 : Folder Close
3.2.1.1 Ant J- Patch Antenna

Table 7 and 8 show the PD simulation evaluation of Ant J patch antenna at 28GHz / 39GHz for the
corresponding evaluation planes specified in Table 1.

Table 7. PD of Ant J — patch antenna (28GHz — n261)

- J-patch Low CH
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- J-patch Mid CH

max ratio out of ‘max ratio out of all beams
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Table 8. PD of Ant J — patch antenna (39GHz — n260)
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3.2.1.2 Ant K — Patch Antenna

Table 9 and 10 show the PD simulation evaluation of Ant K patch antenna at 28GHz / 39GHz for the
corresponding evaluation plane specified in Table 1.

Table 9. PD of Ant K — patch antenna (28GHz — n261)
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K-patch Mid CH
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K-patch Low CH

Table 10. PD of Ant K — patch antenna (39GHz — n260)
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- K-patch Mid CH
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- K-patch High CH
max 'E"::: of ‘max ratio out of all beams-
4cm2 PD(mW/cm2) 17% 2.7% 33.5% 36.7% 4cm2 PD(mW/cm2) at 10mm evaluation distance 735% 33.9% 14% 18%
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