QLIALCONVW

Qualcomm Atheros, Inc.

Acer N15W8 802.11ad RF Exposure Assessment

80-YA685-1 Rev. C
June 9, 2016

Qualcomm is a trademark of Qualcomm Incorporated, registered in the United States and other countries. Other product and brand names
may be trademarks or registered trademarks of their respective owners.

This technical data may be subject to U.S. and international export, re-export, or transfer (“export”) laws. Diversion contrary to U.S. and
international law is strictly prohibited.

Qualcomm Atheros, Inc.
1700 Technology Drive
San Jose, CA 95110
U.S.A.

© 2016 Qualcomm Atheros, Inc. All rights reserved.



Revision history

Revision Date Description
A April 2016 Initial release
B May 2016 Revised per FCC response on 05/09/2016
C June 2016 Revised per FCC response on 06/06/2016

80-YA685-1 Rev. C MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION



Contents

D To Tod UL aT=T o AT od o ] 1= 7
A o Yo [ U o a0 1= od ] o o 1 o OSSR 9
3 Worst Case Determination Using SimMuUIatioN..........ooooiiiiiiiiiiie e 12

3.1 Simulation modelling

3.2 Simulation setup ........ccceeeeenn.

3.3 SIMUIALION FESUILS. .....eeevii ittt ettt e e st ser e st sar e e

4 RF Exposure Measurement and Assessment Using Combination of PWS Method
and Simulation-Based SCaAliNG ......uuiiiiieiiiieii e

4.1 Test and MeasuUremMEeNt EQUIPIMENT ... .o. i i eae ettt eee e e e e e aatbeeeeaeeaaaneaeeeaaaeaaaantbeeeaaaeasaannsseeeaaesaannnnees
4.2 MEASUIEIMENT SEEUD ..ottt e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e aaaaaaaaaaaaaaens
N R 1= o 1= = | P PP P TP PPRPI
4.2.2 Other CONSIAEIALIONS .....ceeiiiiieiiiiiie ettt sttt ettt e e et e e sbt e e st e e s anbn e e e naneeas
4.2.3 Reference level setting using power meter
4.3 MEASUIEIMENT FESUILS ......eeieeieeee ettt e oottt e e e oottt e e e e e e o et bttt e e e e e e aantbeeeeaeeaeansbeeeeeaeasaannnsseeeeaesaannnens

5 Validation Using Single-Element Simulation and Measurement ..........cc...coovvvvviiiiieeeeee, 32

5.1 Absolute amplitude measurement validation using single-element modelling and
MEASUrEMENT......uuuuiiiiiiiiiiiieieeernnens
5.1.1 Simulation for validation...............
5.1.2 Measurement for validation
5.1.3 Correlation between simulation and measurement results
5.2 Plane Wave Spectrum implementation validation

5.3 Other Validation ...........cccooiiiieiiiieeii e
LSO 0 o 1T 1= 0] 1 40
A Confidential Design Information of QCA9008-TBD1 802.11ad Module.............ccccevvvennnn. 41
W o =T = T a1 Y = U Lo o 1= P
B.1 Simulation uncertainty DUAGQET ........coouiiiiiie e e e e e e et e e e e e s sntbaeaeaaeaaas
B.2 Measurement uncertainty budget
B.3 Combined uncertainty DUAGEL. ... ..o ittt e e e e e et e e e e e e e e annebeeeaaaeeaaas
C Complete SIMUIation RESUILS .....ooeiiiiiii e e e e e e e e aaaeae 44
D Near-Field Back TranSformation .........oouueiiiiiiiiiiie e e
D.1 Plane Wave Spectrum (PWS) method
D.2 Implementation of PWS method...........ccccceiviviiiiiie e,
D.3 Validation of PWS implementation for basic array antenna...............ccoooeiiiiiiiiieeiiiieecee e 84
D.3.1 Back transformation: parallel to aperture plane............cccvviieeiiiiiiiiiiee e 84
D.3.2 Back transformation: inclined to aperture Plane..........cccvvviieeiiiiiiiiiiie e 85

80-YA685-1 Rev. C MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION



Acer N15W8 802.11ad RF Exposure Assessment Contents

E Characterization of Aperture Waveguide (RF-WR15)........ccooiviiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiivininins 90
E.L PUIMNPOSE GNA SCOPE. .. .eiiieeiiiitiiiit e e e e ee ittt et e e e e e e ettt e e e e e e s tbea e et e e e s sastatbeeeeeessassbeaeeeaeeeaassstbaeeaeeeeasntbaneaaeeanns 91
E.2 Gain MeaSUIrEmMENt PrOCEAUIE .......cciititiiiee e e e ettt e e e e e e ettt e e e e e s s e ea e et e e e e sssbebeetaeeeaassstbaetaaeesasnstbanraaeeeains 92
EL3 RESUILS ...ttt oottt e e ookttt e e e e e et h ettt e e e e e e e nae et eeee e e e e annebeeeeaeeeaantaeeeaaaeaaan 94
F Normal vs. TOtal POWEN DENSITY .....ocviiiiiiiiiiiiiiieieieeeiieeee ittt

F.1 Test setup for ACEr laptop.......uuuiiiiiiiiiiiiiii et
F.2 Acer Antenna configurations #13 test results and correlation

G Near-Field Measurement Validation ............oouuiiiiii i e e 100
G.1 Near-field perturbation Of ProDE ... e 100
G.2 Accuracy of absolute amplitude measurement Validation ..............ccccvvieieiiiiiiiiieee e 101
H KDB 865664 D02 Reporting CoNSIAEratiONS ........cevvviiiieieeriiiiieiieeeieieieeieiiseeiisnnnnnneeennnnennes 104
Tables
Table 3-1: EIRP values copied from the original filiNg..........coo e 17
Table 3-2: Antenna gains for configuration #11, 13 and 19..........uuiiiiiiiiiiiiiiiiee e e e 18
Table 4-1: MeasSUIremMeENt EQUIPIMIENT .....c. i et e ettt ettt e e e ettt e e e e e s aaa et eeeeaeeaaantaeeeaaaaaaantbeeeaaaeeeaansaeneaaaeesaannneneeaeas 22
Table 4-2: Worst-case normal component Power Density (PDnormat) VAIUES .........eviiiiiiiiiiiiieiiice i 30
Table 4-3: Difference of simulated PDiotal aNd SIMUIAEA PDRormal «.«v..ovuvveeeirriieiieiesieeeesiree e sreee e 31
Table 4-4: Worst-case peak 1cm?-averaged total Power Density (PDiotal) VAIUES .......ccvvevevieeiiieieerieeiieseeseeesneesseenieens 31
Table 5-1: Simulation and measurement COIElation FESUILS .........c..iiiiuiiiiiiiie et 36
Table 5-2: Peak normal power density back transformed vs. the measured peak normal power density in 2A plane..37
Table 6-1: COMPLIANCE SUMIMAIY .....uuiiiiiieeiiiiiitier e e e s eettr et e e e s aa i eaaereaeeeasstaaeeaaeeaasstbaseaaeeaasstbaseaeaeessassasseeeeeessansseseeaens 40
Table B-1: Standard uncertainty budget for simulated values of power density...........ccccooiiiiiiiii e 42
Table B-2: Standard uncertainty budget for measured values of power density .........ccccceeiviiiiiieee e 43
Table B-3: Combined overall uncertainty budget for pOWer denSity .........c.uvviiieiiiiiiiiiii e 43
Table E-1: Measured gain compared to theoretical far-field gain.............c.ueii e 94
Table F-1: Maximum 1 cm?-averaged total pOwer density IBVEIS ............ccciiiiiiiii ittt 99
Table G-1: Peak POWET COMPEAIISON ......ciiieiaiitieiieae e et aattteeea e e e s e e taeeeeeaaeeaaasaeeeeeaaeeaaantseeeaaaeasaansaeseeaaeasaasnsseeeaaesaaannrnes 102
Table H-1: KDB 865664 D02 reporting CONSIAEIALIONS .......cciiiiiiiiiiiiiieeseeiiiteit e e e e e s sttt e e e e e e s ssiaaraeaeeessssnaseeeaeeseannnenes 104

List of Figures

Figure 1-1: WLAN and 802.11ad antenna PIACEMENT ...........uiiiiiiiiiiiiiii ettt e e ettt e e e e e s et eeeae e s e nneeeeeeaeeeannnnes 7
Figure 2-1: N15W8 Acer laptop with QCA9008-TBD1 802.11ad MOUIE..........uuviiieeeiiiiiiiiee e eeiireee e e e 9
Figure 2-2: Location of QCA9008-TBD1 802.11ad MOAUIE.......ccciii ittt et e e e e e s e e e e e e eanneaes 9
Figure 2-3: Actual installation of QCA9008-TBD1 802.11ad module in Acer N15W8: (a) location of the module; (b)

b0 To] 0 T=To BT 0 IRV T TP EEP TSR 10
Figure 2-4: QCA9008-TBD1 802.118d MOUIE .......ueeiiiieeiiieiiiit ettt e e e e st e e e e e e e e et e eeaaeeaaannnbaeeaaaaaanns 11
Figure 3-1: QCA9008-TBD1 802.11ad module placed inside Acer NIBWSB..........coeviiiiiiiiiiiiiiiee i e e 13

Figure 3-2: (a) N15W8 Acer laptop CAD model showing the relative location of QCA9008-TBD1 802.11ad module
(red box), (b) QCA9008-TBD1 802.11ad module’s orientation with respect to the exposure plane (grey: laptop bottom,
pink: the 802.11ad module’s PCB, blue: shield containing RF components of 802.11ad module. The 802.11ad

module’s PCB is at ~75° angle with respect to the EXPOSUIE PIANE). ........ccvecviiiiiieiie ettt ereas 14
Figure 3-3: Simulation mesh setup used in QCA9008-TBD1 802.11ad module modelling ...........ccccvvveeeiiiiiiiiiieneeene 15
Figure 3-4: Radiation boundary setup (note the 802.11ad module is highlighted in pink)............cccccooiiiiiiinee. 16
Figure 3-5: Normalized peak 1cm?-averaged PDnormal IBVEIS ........eiiiiiiiiiciieii ettt ste et 17

80-YA685-1 Rev. C MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION 4



Acer N15W8 802.11ad RF Exposure Assessment Contents

Figure 3-6: Normalized distribution of 1cm?-averaged power density normally flowing to the exposure plane: (a)

Antenna configuration #11; (b) Antenna configuration #13; (c) Antenna configuration #19 .........ccccccoevviviiiienee e 20
Figure 4-1: Measurement DIOCK IAgIaMN.......o. ittt e ettt e e e e e s st e e e e e e e e sanaeeeeeeaeeaaannnbaeeaaaeaannn 22
Figure 4-2: (a) Probe positioner system; (b) Waveguide probe in place surrounded by absorbers..............cccccccee. 23
Figure 4-3: Acer N15WS8 MEaSUIEIMENT SEIUD ....iiuviiiiiiie e i ittt e e e e e ettt e e e e e e s sttt e e e e e e s sastbareeeeeessassebeataeeeaassnsraeeeaeeeaans 24

Figure 4-4: Power density distributions in the exposure plane for Antenna configuration #11: (a) Point PDnormal
distribution; (b) 1-D profile plot through the peak location for point PDnormal distribution along X-axis; (c) 1cm?-
averaged PDnormal QISTIDULION .........uuiiiiiiiie et e et e e e e st e e e e e e e s s e e e s anrr e e e nnre e e s nnreeenas 26
Figure 4-5: Power density distributions in the exposure plane for Antenna configuration #13: (a) Point PDnormal
distribution; (b) 1-D profile plot through the peak location for point PDnormal distribution along X-axis; (c) 1cm?-
averaged PDnormal ISTIDULION. ........uuiii ittt e st e e s st e e e s e e s s et e e annn e e e nnre e e s nnreeenas 28
Figure 4-6: Power density distributions in the exposure plane for antenna configuration #19: (a) Point PDnormal
distribution; (b) 1-D profile plot through the peak location for point PDnorma distribution along X-axis; (c) 1cm2-

averaged PDnormal QISTIDULION. ......couuiiii ittt et e sttt e e s st bt e e s bt e e sk b et e e anbn e e e sbreee s nebeeaeas 30
Figure 5-1: Simulation validation setup of QCA9008-TBD1 802.11ad MOUIE............ccccivriiirieeiiiiiiiieiee e e eesiirieeea e 33
Figure 5-2: Simulated 1cm?-averaged normal power density (PDnormal) in €xposure plane with one active element in
QCA9008-TBD1 802.1180 MOUUIE ...cceeeiiiiiiiiee ettt e e e e ettt e e e e e et e et e e e e easantb e et eaeeaaasstbaaeeaeeessntbaeeeaeeeans 34
Figure 5-3: Measurement setup for ValIdation ..............ooo e e e e 35
Figure 5-4: Measured normal power density was back transformed to the exposure plane averaged over 1cm? spatial
area for one active element in QCA9008-TBD1 802.11ad MOAUIE .........cccevvviiiiiiiiiiiiiiiieeeeeeeeeeeeeeeee e e e e e reeeeees 35
Figure 5-5: 1-D profile plot through the peak location for measured and simulated point normal power density along
D= (- T T TP T TP T PO P URTOTSTU RO OPRTPURPRTRTN 36
Figure 5-6: PWS implementation validation teSt SETUP ...........ueiiiiiiiii e e e e e e e e e 37
Figure 5-7: (a, c, ) show point PDnormal distributions of back transformed power density in 2A plane from measured
values in 4A plane, (b,d,f) show point PDnorma distributions of measured power density in 2A plane...............cccccooeee. 38
Figure D-1: 60GHZ 2X4 PAtCh @rray @NTEINA ..........ueeiiiieei it e ettt e e e e e et e e e e e e e s e aabbeeeeaaaesaasneseeeeaeeaaannsbaeeaaaaaanns 84
Figure D-2: Measure E-fields along the scan planes parallel with the antenna aperture: (a) vertical polarization; (b)

(aTe] o] g1 c= I o To] F=Tq 2= Vilo] o WSO URRTP 84
Figure D-3: Peak power density for 2x4 patch:(a) measured at 2A, and (b) back transformed from 4A........................ 85
Figure D-4: Measured both polarizations of waveguide probe in the 65 degree tilted scan plane ..........c.cccccceeeeenne. 86

Figure D-5: Geometry relationship of the two orientated scan planes relative to the 2x4 array. Measurements are
done at the planes represented by the thicker dashed lines. Aperture scan plane is “parallel” to the array plane. ...... 87
Figure D-6: In 2x4 patch array case, measured power density component normal to the scan planes along the

intersection line (“iNtersection 17 IN FIQUIE D-5).......uuuiiiiieei ittt e e e e e et e e e e e s st e e e e e e e s sntbaaaeaeeeans 88
Figure D-7: In 2x4 patch array case, back transformed total power density along the intersection line (“intersection 2”
[Tl o UL ) OO PPRPP 89
Figure E-1: RF-WR15 open-ended waveguide probe, measuring S11 of the probe.............ccccooiiiiie 90
Figure E-2: Qualcomm NSI-MI far-field gain Measurement using standard gain horn ..........cccccooiiieiieiniiniiiieeeeeee 91
Figure E-3: Laser alignment USING PreCiSION MIUTTOT ... .....ciiiiuiieeieeeeeeiiiett e e e e e s sivateeaeeessetbtaeeeaeessasaeseetaaessasnsbaeeeaeeesans 92
Figure E-4: RanNge COOMAINAE SYSTEM ... ... ittt e ettt e e e e e et et e e e e e e e e bbee e e e e e e e aannebeeeaaeeeaannsbnneaaaeannn 93
Figure F-1: Antenna pattern of configuration #13 and its orientation relative to the exposure plane............cccccveeeeenn. 95
Figure F-2: Acer laptop positioned at 65 degree from the Y-aXiS ..........ueiiiiiiiiiiiiie e 96
Figure F-3: Geometry relationship of the two orientated scan planes relative to QCA9008-TBD1 802.11ad module
INSTAIEA IN ACET ...ttt e bttt e e ettt e s ab e e et e nab e e e h b e e se bt s et e e ne e e e bn e s nan e 97
Figure F-4: In Acer laptop case, measured power density component normal to the scan planes along the intersection
line (“INtErSECHION 17 IN FIGUIE F=3) ..iiiiiiiiiiiiiiii ettt ettt e e e e ettt e e e e e et b e et e e e e eaaat b e e taaeeeasntbaeeeaeeessntbaneeaeeeans 98
Figure F-5: Back transformed total power density along the intersection line (“intersection 2” in Figure F-3) in the
exposure plane (bottom surface of ACEr NISWS8 IaPLOP)......c.uurriiiieeiiiiiiiiii e e e eeiite et e e e s ee e e e e e e e st e e e e e e s sntbaeaeaeeeans 99

Figure G-1: (a) 2x4 patch array simulated in free-space to determine total power propagating normal to the probe
aperture at various separation distances. (b) 2x4 patch array was simulated with WR-15 open-ended waveguide

probe at various separation distances to compute the received power at the port of the probe..........cccccccoeiviivinee.n. 100
Figure G-2: Simulated total power incident on probe aperture with and without the WR-15 waveguide probe at various
separation distances from a 2x4 patCh @nNTENNEA AITAY.........cceeiiiiiiiiiei et e e e e e e e e s e e e e e s s stbareeeaeeseananenes 101

80-YA685-1 Rev. C MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION 5



Acer N15W8 802.11ad RF Exposure Assessment Contents

Figure G-3: Horn antenna: (a) measurement setup, (b) simulation setup, (c) measured power density, (d) simulated

{001V =T e [T =] PRSPPI 102
Figure G-4: 2x4 patch array: (a) measurement setup, (b) simulation setup, (c) measured power density, (d) simulated
[0 To1N =T e 1= 0 £ PR ERT SO 103

80-YA685-1 Rev. C MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION 6



1 Document Scope

This report is generated for the class Il permissive change application against FCC ID: PPD-
QCA9008-TBD1. As shown in Figure 1-1, the 2.4/5GHz WLAN antennas are 220 mm and
290 mm distance away from the 802.11ad antenna. Therefore, the RF exposure assessment for
simultaneous transmission is not needed.

WLAN aux- WLAN main-
y

 [—r -
\ 134mm:- /

290mm:s 220mm

200mms- - s 200mm-
320mme 300mms-
R \

p tol)° I-}Cq’”n-l' B"Z 1 \ 1

50mms

Baseband
unit 2:’)3111mo

S

195mm:- 110mm:

Figure 1-1: WLAN and 802.11ad antenna placement

The QCA9008-TBD1 802.11a/b/g/ac/ad + BT module was installed in N15W8 Acer platform. It
consists of two separate modules, i.e., the 802.11ad module and baseband unit, as circled in red in
Figure 1-1. The base band unit contains the 802.11a/b/g/ac/BT as well as provides power/control
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signals/IF to the 802.11ad module. The 802.11ad module consists 60GHz RF and antenna array
elements on a printed circuit board (PCB), which is referred to as the “QCA9008-TBD1 802.11ad
module” or simply “802.11ad module” in this report. The 802.11ad module is mounted at the
hinge where the closest distance between the 802.11ad module and the body of an end user will
be in the near field. This report is submitted to demonstrate the RF exposure from 802.11ad radio
in compliance with FCC rule parts §2.1093 and §15.255(g).

A given combination of amplitude and phase of array elements is referred to as an “antenna
configuration”. There are many antenna configurations available in Acer N15W8 application. The
confidential document Appendix A describes the design details on antenna schematics as well as
how to adjust antenna configuration depending on transmission environment in order to steer the
antenna beam for establishing a good communication link having the best signal to noise ratio.

We used a “validated simulation approach” to evaluate all the available antenna configurations, in
order to determine the top three worst cases. Subsequently, using a “validated test methodology”,
the three selected worst-cases were measured. Then, based on the measured phase and amplitude
of E-fields at adequate separation distance(s), near-field back transformation using Plane Wave
Spectrum (PWS) described in Appendix D was applied to obtain the power density distribution
and strength at the exposure plane (closest contact point with the human body) to determine the
RF exposure compliance.

The highest EIRP case was also determined using simulation, and it was then tested in UL lab to
confirm that the highest EIRP level is equal to or below the value reported in the initial grant. The
EIRP test result is provided in a separate UL report.

The definition of near field and far field boundary is as follows:
R = 2 x D?
-

where R is the distance from observation point to radiating source; D is the maximum dimension
of the radiating source; A is wavelength. QCA9008-TBD1 802.11ad module is integrated onto a
17.5 x 7.9 x 2 mm?® of the printed circuit board. Therefore, the near-field and far-field range is
determined as:

Near field range: R < 122.5 mm
Far field range: R > 122.5 mm

It should be noted that in this report, all the measurements and simulations conducted on
QCA9008-TBD1 802.11ad module for assessment of power density were performed in the near-
field, unless explicitly stated, say for example, far field antenna pattern and waveguide probe
calibration in the far field.

In this report:

m Chapter 2 gives the product description.

m Chapter 3 determines the worst-case antenna configurations using simulation.

m Chapter 4 provides the measurement results for worst-case antenna configurations.
m Chapter 5 proves the validity of the measurement and simulation approaches.

m Chapter 6 concludes the compliance.
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2 Product Description

The 802.11ad RF and antennas of QCA9008-TBD1 module operating in the 60GHz band is
installed at the hinge inside N15W8 Acer laptop (shown in Figure 2-1), which receives the
baseband signals from the baseband unit. The relative location of the 802.11ad module is shown
in Figure 2-2. This 802.11ad module supports all mandatory channels in IEEE 802.11ad (hamely
channels 1 to 3), and is in compliance with 802.11ad standard.

QCAS008-TBD1

802.11ad module

z [imvinion |

Figure 2-1: N15W8 Acer laptop with QCA9008-TBD1 802.11ad module

Axes Orientation:

X: user’s left

Y: away from user

Z: down/towards user’s lap

N,
y Z

Figure 2-2: Location of QCA9008-TBD1 802.11ad module
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The actual installation is shown in Figure 2-3, which shows the left top corner of back housing
and zoomed-in picture of that corner showing the 802.11ad module location to the right of the
hinge when looking at the bottom of Acer. The pictures of the QCA9008-TBD1 802.11ad module
are shown in Figure 2-4, which show the shield containing the RF components and the antenna
array elements on the PCB. Here, the front view is looking from the top edge of the laptop with
the laptop’s bottom surface sitting on the table.

For easier identification of the 802.11ad module orientation relative to the laptop, we have shown
the coordinate system on all figures with the positive Z-axis protruding out of the laptop’s bottom
surface.

(@)

, e ) i.
V4 802.11ad module

(b)

Figure 2-3: Actual installation of QCA9008-TBD1 802.11ad module in Acer N15W8:
(a) location of the module; (b) zoomed-in view
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X Front View: Back View: X =

Bottom surface oflaptop
View

Figure 2-4: QCA9008-TBD1 802.11ad module
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3 Worst Case Determination Using
Simulation

The QCA9008-TBD1 802.11ad module is installed inside Acer N15W8, and depending on
transmission environment, it can activate an optimal antenna configuration to establish a good
communication link. It is extremely time consuming to measure all the antenna configurations.
To be more practical, the Ansys Electromagnetics suite 17.0.0 was used to evaluate all the
possible antenna configurations. Due to the lack of information on the material properties of Acer
housing and surroundings, and the limitation of computation resources, the simulation was
performed under free space condition. The goal of the simulation is to perform the relative
comparison and determine the top three worst-case antenna configurations having the highest
power density value, and then perform the measurement on the identified worst cases to
demonstrate the compliance.

In general, we expect the worst-case antenna configurations to have the following
1. More active elements closer to the exposure plane
2. More active elements grouped together

3. More active elements relatively farther away from the Acer housing/surroundings resulting in
minimal detuning (more transmitted power)

This is because these characteristics will contribute towards higher and focused power flowing
through the exposure plane with or without Acer housing, and thereby result in higher power
density value.

3.1 Simulation modelling

Figure 3-1 shows where QCA9008-TBD1 802.11ad module is located inside Acer N15W8. Since
the user could place the laptop in the lap, i.e., closest possible distance to the 802.11ad module,
the bottom surface is treated as the exposure plane.

The 802.11ad module was completely modelled, which includes layers, ground, shields, antenna
array elements, vias, as well as all the traces (including from output PA to antenna feed). The
modelling detail, including the PCB layout, is provided in the confidential document Appendix A.
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802.11ad MODULE

EXPOSURE PLANE

BOTTOM SURFACE

Figure 3-1: QCA9008-TBD1 802.11ad module placed inside Acer N15W8

3.2 Simulation setup

FEM simulations were performed to assess the power density of the QCA9008-TBD1 802.11ad
module in free-space using ANSY'S Electromagnetics suite 17.0.0. In these simulations, the
Acer’s laptop housing the 802.11ad module (contained in the red outline in Figure 3-2(a)) was not
simulated since the material properties of the Acer housing and other components of the laptop
are not available at mmWave frequencies. The laptop model was simulated as free-space to
determine the relative orientation of the 802.11ad module with respect to the exposure plane
shown in Figure 3-2(b), where the power density was determined to identify the worst-case
antenna configurations. In Figure 3-2(b), only the 802.11ad module shown in blue and pink (blue
represents the shield containing the RF components, pink represents the PCB containing the
antenna array elements, layers, vias, and connecting traces) were modelled. The remaining cut out
of the housing of Acer’s laptop shown in grey along with laptop components are simulated as
free-space.
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(@)

802.11ad MODULE

~ EXPOSUREPLANE

T
\\\H‘“\xv// ﬁ*

(b)

Figure 3-2: (a) N15W8 Acer laptop CAD model showing the relative location of
QCA9008-TBD1 802.11ad module (red box), (b) QCA9008-TBD1 802.11ad module’s
orientation with respect to the exposure plane (grey: laptop bottom, pink: the
802.11ad module’s PCB, blue: shield containing RF components of 802.11ad
module. The 802.11ad module’s PCB is at ~75° angle with respect to the exposure
plane).
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In the simulation set up, we selected the auto initial mesh, defined “lambda refinement” (i.e.,
Ansys Electromagnetics suite 17.0.0 refines the initial mesh based on the material-dependent
wavelength) and used 30% maximum refinement per pass as our adaptive option. The system
(Ansys Electromagnetics suite 17.0.0) computes the error, and the iterative process (solve — error
analysis — adaptive refinement) repeats until the convergence criteria are satisfied. In Ansys
Electromagnetics suite 17.0.0, as long as the convergence is reached, the converged results are
accurate. We verified the convergence by changing the convergence criteria, maximum
magnitude delta S, from 5% to 3%, the influence was less than 0.5%. This influence is included
in our uncertainty budget (Appendix B). Figure 3-3 shows the mesh used over front surface (see
Figure 2-4) of the QCA9008-TBD1 802.11ad module, and the convergence error (i.e., maximum
magnitude delta S) in all our simulation was less than 3%.

Figure 3-3: Simulation mesh setup used in QCA9008-TBD1 802.11ad module
modelling

The 2™ order absorbing boundary condition (ABC) was used as radiation boundary for all
simulations in this report. This radiation boundary simulates an electrically open surface that
allows waves to radiate infinitely far into space. The system absorbs the wave via the 2™ order
radiation boundary, essentially ballooning the boundary infinitely far away from the structure and
into space. The radiation boundaries may also be placed relatively close to a structure and can be
of arbitrary shape.

Typically, as per ANSY'S recommendation for their simulation tool, the radiation boundary plane
has to be located at least a quarter wavelength from strongly radiating structure, or at least a 10"
of wavelength from weakly radiating structure. In this RF exposure report, we used at least

1 wavelength from all the direction of the 802.11ad module (in the main beam direction, about

6 wavelengths was applied, as shown in Figure 3-4) to ensure the convergence. We have further
guaranteed that this spacing is sufficient by moving the boundaries closer towards the module by
30% to see the influence on simulated power density. This influence was < 0.05dB confirming
that the space between module and computational boundary is sufficient. This influence on power
density was also included in the simulation uncertainty budget in Appendix B. As stated earlier,
only the 802.11ad module (shown in pink color for PCB and blue for shield behind PCB in
Figure 3-4) is modeled in the simulation, the remaining cutout of Acer laptop’s housing (shown
as wire model in Figure 3-4) is simulated as free-space.
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Figure 3-4: Radiation boundary setup (note the 802.11ad module is highlighted in
pink)

The total simulation uncertainty was analyzed and is described in Appendix B.

3.3 Simulation results

The objective of the simulation is to compare the power density levels among antenna
configurations to determine the three worst-case antenna configurations having the highest peak
1 cm?-averaged power density in the exposure plane. Then, power density is measured for these
worst-case antenna configurations at a finite separation distance, and back transform the
measured power density to the exposure plane for compliance evaluation, as explained further in
Section 4.

Per consultation with FCC in the evaluation guidance KDB inquiry, for the circumstances with
this filing only, the power density in free-space was estimated by extracting the Poynting vector
normal to and at the bottom surface (exposure plane) of the laptop at a frequency of 60.5 GHz for
each antenna configuration for comparison. Here, the simulation data for normal component of
power density, PDnormai, Was extracted at 1.0 mm resolution in the exposure plane. 1 cm? spatial
averaging was obtained by moving 1cm x 1cm square window, every 1.0 mm step size in the
exposure plane. Figure 3-5 shows the normalized peak PDnorma in the exposure plane for all
available antenna configurations after applying 1 cm? area spatial averaging.
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Acer N15W8 802.11ad RF Exposure Assessment

Worst Case Determination Using Simulation

Normalized Peak 1cm2 averaged PD, ;.
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Figure 3-5: Normalized peak 1cm?-averaged PDnorma levels

Appendix C has the complete simulation results of power density distributions for all antenna
configurations. The antenna configurations #11, #13 and #19 were identified as the worst-case
antenna configurations having the highest power density in the exposure plane. These identified
worse-case antenna configurations all contain more number of active elements grouped together
and closer to the exposure plane when compared with other antenna configurations. The
normalized power density distributions at 60.5GHz for these three worst cases are provided in
Figure 3-6.

Each antenna configuration is fixed for all the channels (i.e. 802.11ad channels 1~3). The
optimization is typically done at mid-channel as shown in the EIRP measurement in the original
filing (copied below).

Table 3-1: EIRP values copied from the original filing

Channel Frequency (GHz) EIRP (dBm)
1 58.5 235
2 60.5 29.8
3 62.5 28.0

The antenna gain of each antenna configuration in the Acer case is the same or equivalent across
the operating frequency band. Table 3-2 shows the antenna gains for the three worse-case antenna
configurations for low, mid, and high channel. It is clear that the evaluation made at mid-channel
(i.e., 60.5 GHz) only is sufficient.
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Acer N15W8 802.11ad RF Exposure Assessment

Worst Case Determination Using Simulation

Table 3-2: Antenna gains for configuration #11, 13 and 19

G (dBi)
Frequency Antenna
Channel (GH2) Antenna Antenna configuration
configuration 11 | configuration 13 19
58.5 4.4 6.6 45
60.5 6.4 8.7 4.4
62.5 5.4 8.7 4.2
a. Antenna configuration #11: normalized 1cm2-averaged power density
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b. Antenna configuration #13: normalized 1cm?-averaged power density
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c. Antenna configuration #19: normalized 1cm?-averaged power density
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Figure 3-6: Normalized distribution of 1cm?-averaged power density normally
flowing to the exposure plane: (a) Antenna configuration #11; (b) Antenna
configuration #13; (c) Antenna configuration #19
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4 RF Exposure Measurement and
Assessment Using Combination of PWS
Method and Simulation-Based Scaling

The goal of the measurement is to capture the amplitude and phase of the E-fields along the
planes parallel with the exposure plane for the identified three worst-case configurations, and then
back-transfer the measured E-fields to the exposure plan using the Plane Wave Spectrum (PWS)
method (described in Appendix D) to obtain the power density at the exposure plane to
demonstrate the compliance.

Below flowchart explains the steps involved in the power density assessment for compliance
demonstration of QCA9008-TBD1 802.11ad module.

Mount 802.11ad module inside Acer N15W8
laptop and activate worst-case antenna
configurations (one at a time) determined
using simulation

!

Measure amplitude and phase of dominant
polarization fields in a plane 2A and 4A away
and parallel to exposure plane

v

Validation of PWS back transformation: Back
transform 4A plane to 2A plane and validate it
by comparing with 2A measurements

!

Back transform from 2A plane to the exposure
plane for measured worst-case antenna
configurations and perform 1cm2-spatial
averaging to obtain 1cm2-avg normal power
density values

v

Adjust 1cm2-avg normal power density values
to 1cm2-avg total power density levels

!

Determine the compliance at exposure plane
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and Simulation-Based Scaling

RF Exposure Measurement and Assessment Using Combination of PWS Method

4.1 Test and measurement equipment

Table 4-1 lists all measurement equipment used in this test and their calibration information.

Table 4-1: Measurement equipment

MFR Model Description Quantity | Calibration date
Planar Nearfield and Farfield

NSI 8x6 PNF scanner 1 71412106

Keysight N5247A 4-port Network Analyzer 1 6/23/2016

R&S NRP2 Power Meter 1 1/21/2017

R&S NRP-Z57 DC-67 GHz Power Meter Sensor 1 1/21/2017
250 KHz to 20 GHz PSG Analog

Keysight E8257D Signal Generator 11/30/2016

Phillips PM 2811 Power Supply N/A
Open-ended Waveguide Probe

NSI RF-WR15 | (50-75 GHz) 1 N/A

We calibrated the aperture waveguide (RF-WR15) in house. The Qualcomm® in-house

calibration report is provided in Appendix E.

4.2 Measurement setup

4.2.1 General

The block diagram of the test setup is shown in Figure 4-1.

Antenna array |
and PA

Open-ended
waveguide
probe

Figure 4-1: Measurement block diagram

The measurement setup uses an open-ended waveguide WR-15 probe fixed to a positioner as

shown in Figure 4-2.

Couplers & Mixer

Baseband module

Control signals
and
Power supply

(1]

v ref

VNA
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RF Exposure Measurement and Assessment Using Combination of PWS Method

Acer N15W8 802.11ad RF Exposure Assessment
and Simulation-Based Scaling
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Figure 4-2: (a) Probe positioner system; (b) Waveguide probe in place surrounded
by absorbers

23

80-YA685-1 Rev. C MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION



Acer N15W8 802.11ad RF Exposure Assessment RF Exposure Measurement and Assessment Using Combination of PWS Method
and Simulation-Based Scaling

The positioner can move along the rectilinear grid, which was used to perform 2D area scans in a
vertical plane (XY-plane). The Acer N15W8 was positioned such that the exposure plane is
aligned with the XY-plane as shown in Figure 4-3. The aperture of the open-ended waveguide is
placed in parallel to the exposure plane (XY-plane) in order to capture the E-fields that are
tangential to the scan planes corresponding to the power propagation direction normal to the scan
plane.

o0
eeo o
o0 o0
® o ® 0
o0 o0
® 0o 0 0

P

LI 4
o ‘s

Figure 4-3: Acer N15W8 measurement setup

The waveguide probe was connected to a vector network analyzer (VNA) to measure the relative
amplitude and phase of the incident electric field. The 2D area scan measured was 228 mm X

228 mm at a resolution of 2 mm recording about 114x114 points for each area scan. One
polarization of E-fields was significantly dominant, the orthogonal polarization of E-fields was
about 10 dB lower. Therefore, only dominant fields were recorded. Based on the measured
dominant E-fields, the normal component of power density (PDnorma) Was derived at the exposure
plane using PWS back transformation, and then the total power density (PDuwta) Was calculated by
adding the difference of simulated PDota and simulated PDnormal Using the simulation approach
described in Section 3. FCC has accepted this approach for this device and filing only and
considering the validations in Appendix F.

4.2.2 Other considerations

Note that when measuring only dominant fields, measurement time is cut in half since only one
polarization is measured. However, only normal power density can be computed from single
polarization data. In order to estimate total power density, in this case, simulation data need to be
employed where simulation delta between normal and total power density can be used to adjust
the measurement data. This requires additional validation as shown in Appendix F. Alternatively,
if both polarizations are measured then total power density can directly be computed using PWS
method (Appendix D.2). However, it will take twice the measurement time, but more important
limitation is that the measurement system should have high sensitivity to accurately capture the
amplitude and phase of non-dominant (weak) polarization of fields over the entire measurement
scan area. Otherwise, the computed total power density using the PWS method could be
erroneous.

80-YA685-1 Rev. C MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION 24



Acer N15W8 802.11ad RF Exposure Assessment RF Exposure Measurement and Assessment Using Combination of PWS Method
and Simulation-Based Scaling

4.2.3 Reference level setting using power meter

Since the VNA measures amplitude and phase relative to the reference signal, an absolute power
measurement was also conducted at peak location of the area scan using an R&S NRP-Z57 power
sensor to scale the measured relative 2D distribution of fields into absolute values.

4.3 Measurement results

Amplitude and phase of E-fields of dominant polarization were measured for the worst three
antenna configurations #11, #13 and #19 at 10mm (~2A) from the bottom surface (exposure
plane) of the laptop. Using the Plane Wave Spectrum (PWS) method described in Appendix D,
the measured dominant polarization fields were back transformed to the exposure plane in order
to compute the normal power density component and then spatially averaged over 1 cm?. Here,
the back transformed data for normal component of power density was computed at 1.0 mm
resolution in the exposure plane. 1 cm? spatial averaging was obtained by moving 1cm x 1cm
square window, every 1.0 mm step size in the exposure plane. From spatially averaged normal
power density, total power density was computed by adding the difference in simulated Total
Power Density (PDiota) and simulated Normal Power Density (PDnormar) Obtained in Section 3. For
the circumstances with this device and filing, FCC is accepting the approach shown in Appendix
F using the simulated difference between PDrormal and PDiotal Obtained in Section 3. The
corresponding point power density and 1 cm?-averaged power density distributions back
transformed from 2A distance to the exposure plane are shown in Figure 4-4, Figure 4-5, and
Figure 4-6. The plots of the 1-D profile through the peak location are also provided.

a. Antenna configuration #11: Peak Point Power Density (PDnormal) = 6.6 W/m?
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b. Antenna configuration #11: point PDnorma along X-axis through peak location
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c. Antenna configuration #11: Peak 1cm2-averaged PDnormai = 1.66 W/m?
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Figure 4-4: Power density distributions in the exposure plane for Antenna
configuration #11: (a) Point PDnorma distribution; (b) 1-D profile plot through the
peak location for point PDnorma distribution along X-axis; (c) 1lcm2-averaged
PDnorma distribution
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a. Antenna configu_ration_ #13: Peak Point Power Density (PDnormal) = 23 W/m?
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b. Antenna configuration #13: point PDnorma along X-axis through peak location
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c. Antenna configuration #13: Peak 1cm2-averaged PDnormai = 4.66 W/m?
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Figure 4-5: Power density distributions in the exposure plane for Antenna
configuration #13: (a) Point PDnorma distribution; (b) 1-D profile plot through the
peak location for point PDnorma distribution along X-axis; (c) 1cm?-averaged

PDnormal dIStrIbUtIOI’]
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a. Antenna configuration #19: Peak Point Power Density (PDnormal) = 8.49 W/m?
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b. Antenna configuration #19: point PDnorma along X-axis through peak location
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c. Antenna configuration #19: Peak 1cm?-averaged PDnorma = 2.15 W/m?
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Figure 4-6: Power density distributions in the exposure plane for antenna
configuration #19: (a) Point PDnorma distribution; (b) 1-D profile plot through the
peak location for point PDnorma distribution along X-axis; (c) lcm2-averaged
PDnorma distribution

Table 4-2 lists the peak point power density and peak 1 cm?-averaged power density back
transformed from 2\ separation distance, these are the normal components of power density at the
exposure plane.

Table 4-2: Worst-case normal component Power Density (PDnorma) Values

Config Peak point PDnorma (W/m?) Peak 1cm? averaged PDnorma (W/m?)
# Measured at 2A and back transformed | Measured at 2A and back transformed
11 6.60 1.66
13 23.0 4.66
19 8.49 2.15

In addition to the preceding PDnorma results, to obtain total power density (PDiotar) at exposure
plane, we took the simulation approach described in Section 3 to find the relation between the
normal power density (PDnormal) and total power density (PDiwotr) When simulated in free space
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condition, then calculate the 1 cm2-averaged PDiota for final product configuration (802.11ad
module inside Acer N15W8) by adding the difference of simulated 1 cm?-averaged PDota and
simulated 1cm?-averaged PDnormal to the measured 1 cm2-averaged PDnormar Values listed in Table
4-2. The difference between PDnormai and PDrotar in free space is listed in Table 4-3 for the
identified three worst cases.

Table 4-3: Difference of simulated PDiotar and simulated PDnormal

Antenna configuration # Difference of PDtotat and PDnormai  (dB)
11 0.31
13 1.8
19 0.04

Thus, the peak 1 cm2-averaged total power density levels for the three worst-case antenna
configurations are as shown in Table 4-4. Note that the adjustment between PDiotar and PDnormai fOr
this Acer N15W8 application has been validated as shown in Appendix F, and it is accepted by
FCC for this particular device and filing only.

Table 4-4: Worst-case peak 1cm?-averaged total Power Density (PDiotal) Values

Antenna PDiota  (W/m?)
configuration #
11 1.78
13 7.05
19 2.17

All the power density values listed in Table 4-4 passed the 10 W/m? (or ImW/cm?) compliance
limit with 7.05 W/m? as the highest level.
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5 Validation Using Single-Element
Simulation and Measurement

The simulation approach was taken for relative comparison evaluation in order to identify the
three worst-case configurations having the highest power density value. The PWS-based
measurement was used to demonstrate the compliance. Therefore, it is important to validate the

assessment methodology in the following aspects:
1. Accuracy of the absolute amplitude measurement

2. Validity of the PWS implementation

Below flowchart explains the steps involved in this validation process:

Simulation

Measurement

Model 802.11ad module and simulate in
free-space with one active array element

Mount 802.11ad module alone in a mock-
up foam fixture and activate one array
element

A

!

Obtain normal power density component
in the exposure plane based on
simulation approach

Measure amplitude and phase of
dominant polarization fields in a plane 2A
away and parallel to exposure plane

h 4

h 4

Perform back transformation using PWS
method to obtain normal power density
component in the exposure plane

A

and measurement approaches

Correlate simulated results to measured results to validate both simulation
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Validation Using Single-Element Simulation and Measurement

Acer N15W8 802.11ad RF Exposure Assessment

5.1 Absolute amplitude measurement validation using single-

element modelling and measurement
The accuracy of the field distribution recovered from PWS back transformation relies on accurate
relative amplitude and phase measurement at a scan plane, while the determination of the
compliance depends on the accuracy of the absolute amplitude measurement. The validation for
relative amplitude and phase is shown in Section 5.2 as part of PWS implementation, whereas
validation for absolute amplitude measurement is shown in this section.
In order to validate that the test setup is accurate for absolute amplitude measurement, we
compared the measurement results with simulated results. Since the measurement and simulation
are two independent approaches, those two methods can validate each other, i.e. one method

compliments the other.

5.1.1 Simulation for validation
As part of the validation, QCA9008-TBD1 802.11ad module was simulated in free-space with
one active antenna element (patch antenna on the front side (see Figure 2-4) of the 802.11ad
module’s PCB as highlighted in Figure 5-1). This antenna element was fed with 4.74 dBm of

power at the port.

| b
‘ <(:f;o |‘ R

|
|
\ v

%
0’?@ ] ;
ey | Active element
e ‘I
2

~

Figure 5-1: Simulation validation setup of QCA9008-TBD1 802.11ad module

Power density distribution and amplitude was assessed in the exposure plane. 1 cm? area spatial
averaging was performed to extracted real part of normal component of Poynting vector in the
exposure plane. Figure 5-2 shows the 1cm?-averaged PDrormal distribution. (Note that we have

done extensive validation as shown in Appendix G and F, therefore, for this device and filing, the

FCC accepted our approach to compare only the normal power density).

33
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Figure 5-2: Simulated 1cm2-averaged normal power density (PDnormal) in €xposure
plane with one active element in QCA9008-TBD1 802.11ad module

5.1.2 Measurement for validation

The QCA9008-TBD1 802.11ad module was also tested in free-space (non-perturbing support)
with the same active antenna element as circled in Figure 5-1. For this purposes, the same test
setup described in Sections 4.1 and 4.2 was used. In order to obtain the power density distribution
in the exposure plane, amplitude and phase of electric field was measured for the dominant
polarization in a plane 10mm (~2X) away and parallel to the hypothetical bottom surface (i.e.,
exposure plane shown in Figure 3-1). Since the measurements were conducted in XY-plane
(vertical plane) of the positioner, the 802.11ad module was oriented such that the exposure plane
will be vertical (see Figure 5-3). The aperture of the open-ended waveguide is placed in parallel
to the exposure plane (XY-plane) in order to capture the power density component normal to the
exposure plane along Z-axis. Here, the dominant polarization was recorded to compute the
normal power density at the exposure plane. Additionally, since the VNA measures amplitude
and phase relative to the reference signal, an absolute power measurement was also conducted at
peak location of the area scan using an R&S NRP-Z57 power sensor to scale the measured
relative 2D distribution of fields into absolute values.
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Figure 5-3: Measurement setup for validation
The measured fields at 10 mm separation distance from exposure plane were back transformed to
the exposure plane using plane wave spectrum method described in Appendix D. The normal

power density was spatially averaged over 1cm? area resulting in the distribution shown in Figure
5-4.
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Figure 5-4: Measured normal power density was back transformed to the exposure
plane averaged over 1cm? spatial area for one active element in QCA9008-TBD1
802.11ad module
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5.1.3 Correlation between simulation and measurement results

It can be seen in Table 5-1 that the peak 1 cm2-averaged normal power density and peak point
normal power density are correlated to within 0.1 dB and 0.43 dB from the simulated values,
respectively. Figure 5-5 shows the 1-D profile plot through the peak location for measured and
simulated point normal power density along X-axis. Both comparisons are well within the
combined uncertainty budget (see Appendix B). This confirms the accuracy of absolute amplitude
measurement for our test setup, as well as validity of simulation and measurement approaches.

Table 5-1: Simulation and measurement correlation results

Assessment at exposure | Simulated normal power | Measured normal power Delta
plane density (W/m2) density (W/m2) (dB)

Peak 1cm?-averaged 4.20 4,12 0.08
Peak point 7.64 6.92 0.43

Config. 1element: peak point PDrormal along X-axis through peak location
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Figure 5-5: 1-D profile plot through the peak location for measured and simulated
point normal power density along X-axis

5.2 Plane Wave Spectrum implementation validation

Appendix D describes the theory of the Plane Wave Spectrum (PWS), our PWS implementation,
and shows the additional validation with a standard 2 x 4 antenna array.

In this section, to further validate our PWS implementation for Acer N15W8 application, we have
done the followings:

a. Conducted near-field measurements at planes that are 2A and 4\ away from the bottom of
the Acer laptop and parallel to the exposure plane (see 2 and 4A planes shown in
Figure 5-6), respectively, and recorded both amplitude and phase of E-fields for the
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dominant polarization (Ey) as well as normal component of power density (PDnormal) at

each plane,

Back-transformed the dominant polarization of fields (E,) measured at 4A to a closer
plane that is 2X away from the exposure plane to compute (PDnorma), and

Validated this back transformed PDrormai by comparing with the measured PDnormar in this
2 plane.

Figure 5-6: PWS implementation validation test setup

For the three worst case antenna configurations, the comparing data of back transforming 4\
plane to 2A plane to measured data at 2A plane is shown in Figure 5-7, where the good agreement
in point power density distributions means good agreement in both amplitude and phase. The

comparison of the corresponding peak power density values are shown in Table 5-2.

Table 5-2: Peak normal power density back transformed vs. the measured peak

normal power density in 2A plane

Config PD back transformed from 4A to a PD Measured in plane 2\ away Delta (dB)
# plane 2\ away (W/m?) from exp. Plane (W/m?)
11 2.5 (Fig. 5-7a) 2.45 (Fig. 5-7b) 0.09
13 2.83 (Fig. 5-7¢) 2.98 (Fig. 5-72) -0.22
19 1.34 (Fig. 5-7e) 1.4 (Fig. 5-7f) -0.19
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Figure 5-7: (a, ¢, €) show point PDnorma distributions of back transformed power
density in 2A plane from measured values in 4A plane, (b,d,f) show point PDnormal
distributions of measured power density in 2A plane.
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From the peak power density values and distributions shown above, the good agreement between
back-transformed power density and measured power density in 2\ plane demonstrates the
validity of our PWS implementation and associated measurement method. It should be noted this
validation of the PWS method was performed on the compliance measurements of Acer product
in final configuration, i.e., 802.11ad module placed inside the Acer laptop, for the three worst-
case configurations identified. This data provides confidence for compliance demonstration since
the same measurement data was used to back transform power density to the exposure plane.

5.3 Other Validation

On a general case basis, we further validated the accuracy of our absolute amplitude measurement
with measuring and simulating the known sources. The adequate measurement distance from the
source to minimize the probe perturbation was investigated as well. All the results are
documented in Appendix G of this report.
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6 Conclusions

General reporting requirements for RF exposure measurements and simulations described in
KDB publication 865664 D02 were followed as shown in Appendix H.

In this report, we have performed RF exposure evaluation for QCA9008-TBD1 802.11ad radio in
Acer N15W8 application by assessing the near-field power density using a combination of EM
simulations and PWS-based near-field measurements.

QCA9008-TBD1 (FCC ID: PPD-QCA9008-TBD1) was installed inside N15W8 Acer laptop, and
the 802.11ad module was mounted near the hinge. Since the user could place the laptop in the lap,
i.e., closest possible distance to the QCA9008-TBD1 802.11ad module, power density was
assessed at the bottom surface (exposure plane).

The PWS-based near-field measurement setup and EM simulations were validated by showing
good correlation in power density in the exposure plane for a test scenario of 802.11ad module in
free-space. EM simulations were used to reduce the number of measurements needed by
determining the three worst-case antenna configurations for this particular application. Near-field
measurements were performed for the identified three worst-case antenna configurations with
802.11ad module inside N15W8 Acer laptop at 10 mm and 20 mm separation distances from the
exposure plane, and the measured fields were back transformed to determine the normal
component of power density in the exposure plane.

The plane wave spectrum back transformation algorithm was also validated by showing good
correlation between power density back transformed from 4\ scanning plane to 2\ plane and the
power density measured in the 2\ plane.

1 cm? spatial averaging was performed on the back transformed normal power density in the
exposure plane to determine the peak 1 cm?-averaged power density values for the three worst
antenna configurations. From spatially averaged normal power density, total power density was
computed by adding the difference in simulated PDiotai and simulated PDnormar. FOr this particular
case, the FCC accepted our validation shown in Appendix F so that we can use this simulated
difference. The adjustment of power density based on differences between the normal component
of a Poynting vector and total field using the simulation results for the worst-case antenna
configurations is only considered for the current circumstances and this permissive change filing.

The total power density values for the three worst-case antenna configurations were less than the
compliance limit of 10 W/m?, thus, complying with the RF exposure requirements.

In summary, the Acer N15W8 containing the QCA9008-TBD1 802.11ad radio is in compliance
with FCC RF exposure requirement.

Table 6-1: Compliance summary

Worst case total power density (W/m?) Margin below limit (dB) Conclusion
1cm? averaged
7.05 1.5 Complied
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A Confidential Design Information of
QCA9008-TBD1 802.11ad Module

This exhibit is confidential. It contains details on the QCA9008-TBD1 802.11ad module’s design,
details on all antenna configurations, antenna schematics, radiation pattern, and modeling details
including the layout information. Refer to separate confidential exhibit
“Appendix_A_Confidential Design Information of QCA9008-TBD1 802.11ad Module_RevC”
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B Uncertainty Budget

B.1 Simulation uncertainty budget

Table B-1: Standard uncertainty budget for simulated values of power density

H Description Uncertainty (%) |Prob. Dist.]  Div. Std. Unc. [Std. Unc (dB)

1 FEM Mesh Density 0.1% Norm 1.0 0.1% 0.00

2 Boundary Condition 0.8% Norm 1.0 0.8% 0.04

3 Source amplitude 12% Norm 1.0 12% 0.51

4 Convergence 0.5% Norm 1.0 0.5% 0.02
Combined Standard Uncertainty|] 12% 0.51
Expanded Standard Uncertainty] 25% 0.97

For table:

1 Mesh density on the exposure plane was changed by limiting the "max length" of mesh size from
auto setting (9.6mm) to 2mm

2 Simulation domain (volume) was decreased by 30% to check the influence of reflections from
boundary conditions on power density

% Simulated EIRP was compared with measured EIRP to determine the uncertainty in source
amplitude. This test was conducted for one array element to estimate the source variation. We
measured the EIRP with the QCA9008-TBD1 802.11ad module in free space with the single element
enabled to a power level of 4.74 dBm, the EIRP is 11dBm. We also performed the simulation for the
same configuration resulting in antenna gain of 5.7dBi. Knowing the input power for this antenna
element is 4.74dBm, resulting in the simulated EIRP = 4.74+5.7=10.44dBm. Thus, we concluded the
uncertainty in source amplitude as 0.5dB. In theory, this uncertainty includes both source variation as
well as measurement uncertainty.

4 5% versus 3% convergence criteria were compared in Ansys Electromagnetics Suite 17.0.0.
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B.2 Measurement uncertainty budget

Table B-2: Standard uncertainty budget for measured values of power density

# Description Uncertainty (%) |Prob. Dist. Div. |Std. Unc. |Std. Unc (dB)

1 Power sensor meter 3.0% Norm 1 3% 0.13

2 Cable and connector loss 12.0% Norm 1 12% 0.49

3 Probe near-field perturbation 15.0% Norm 1 15% 0.61

4 Positioning accuracy 12.6% Norm 1 13% 0.51

5 Signal generation (IF accuracy) 2.3% Norm 1 2% 0.10

6 Signal generation (LO accuracy) 2.3% Norm 1 2% 0.10

7 Source power drift 1.2% Norm 1 1% 0.05
Combined Standard Uncertainty] 23% 0.91
Expanded Standard Uncertainty] 47% 1.67

Notes for table:

1 Power sensor uncertainty for R&S NRP-Z57

2 Cable loss and connector loss uncertainty

3 Difference in incident power density with and without open-ended waveguide probe (Appendix E)

*Influence of positioning accuracy to +/-1mm in separation distance between DUT and measurement
plane. Here, only uncertainty along z-axis (separation distance) was accounted as the probe was manually
positioned for separation distance from the bottom surface of the laptop. Automated probe positioning
system has a much higher accuracy in positioning (can be set to within one-thousandth of an inch =

0.0254mm ~ A/200), hence uncertainty of positioning in scan plane (XY plane) is negligible.

% Influence of external feed signals (IF and LO) to the source. IF and LO were changed by +/- 5dBm.
"Source signal stability over a time period of 10 minutes.

B.3 Combined uncertainty budget

Table B-3: Combined overall uncertainty budget for power density

# Description Std. Unc. |Std. Unc (dB)

1 Simulation Uncertainty 12.4% 0.51

2 Measurement Uncertainty 23.4% 0.91
Combined Overall Standard Uncertainty| 27% 1.02
Expanded Overall Standard Uncertainty 53% 1.85
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C Complete Simulation Results

The simulated power density in free-space was estimated by extracting the real component of
Poynting vector radiating outwards normally to the bottom surface (exposure plane) of the laptop.
The below figure shows the normalized peak PDnomar levels for the 36 antenna configurations that
were evaluated to determine the worst case antenna configuration after applying 1cm? area spatial
averaging. Antenna configurations #11, #13, and #19 are identified as the worst configurations
having the highest power density in the exposure plane.

Normalized Peak 1cm2 averaged PD,
(simulated without Acer laptop)

0.6 *

0.2

Normalized Power Density (W/m?)
L ]

0.0

1234567 8 91011121314151617181920212223242526272829303160616263 64

Antenna configuration #

The distributions of PDnormai power density with 1cm? spatial averaging are shown on the
following pages for all antenna configurations.
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D Near-Field Back Transformation

D.1 Plane Wave Spectrum (PWS) method

Performing planar near-field measurements typically involves measuring at a distance of few
wavelengths in order to prevent E/H-fields perturbation due to the presence of mmWave field
probe. Compliance with mmWave exposure requires the estimation of power density at the
closest plane to the wireless device. Therefore, this involves near-field measurement at few
wavelengths away and back transforming the measured fields to a closer plane in order to
demonstrate compliance. The plane-wave spectrum (PWS) method widely used for this purpose
is explained below.

Assuming the source (transmitting antenna) is in XY plane at z=0, then the solution to the
Maxwell equations for z >=0 and satisfying the boundary conditions for the source plane are

given bytZ:
E(x,y,z) = 5= 70 [0 Ay ky)e T dky dky, (1)
H(x,y,7) = 5o [ [ kX Aky , ky)eT*T dk, die, )

2Twy Y — o

k- Ak k) = kyAy (kg ky) + kyAy (ks ) + kyAy (K ky)) =0 (3)

where,

k=kXx+k,y+k,z 4)
2 _ 1. =@

k“=k-k= e (5)

r=xxXx+yy-+zz (6)
A(k,, ky) = Ay (ky, ky)a? + Ay(kx, ky)fl + Ay (ky, ky) (7)

Here, k is the wavenumber and A is referred to as the PWS because the expression
A(k,, ky)e‘f"'r represents a uniform plane wave propagating in the direction k. ky and ky are real
variables, from which, k; can be calculated as below:

[ (2 —k2—k2)? k2 + k2 < k2
k=3 —j(k2 + k2 —k?)"?, ifk2+k2>=k?andz=0  (8)
L j(k2 + k2 —k2)"?, ifk2 + k2 > k2andz < 0

! Zhao, J., Lu, H., Deng, J., “Application of the planar-scanning technique to the near-field dosimetry of millimeter-
wave radiators”, Bioelectromagnetics, 36: 108-117, 2015.

2 Wang, J.J.H, “An examination of the theory and practices of planar near-field measurement”, IEEE Transactions
on Antennas and Propagation, 36(6): 746-753, June 1998.
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An imaginary k; corresponds to evanescent PWS, which rapidly attenuate away from z=0 plane.
In our back-transformation, evanescent waves are ignored. So, imaginary k; is replaced with 0.

At measured distance, z=d, the electric-field E can be expressed as (9) below
E(oy,d) =5 [ [7 Ak, ky)e *ede~I0ax ks dic, dkey, =

o o Ak Ky, d)e IOV ik, dl,, 9)

From the measured E-fields, PWS can be computed using Fourier transform:
Ak ky, d) = 5= [ [50 E(x,y, d)el®x*+159) dx dy (10)

Here,

A(ky, ky) = A(ky, ky, d)elk=2 (11)

A and Ay components can be computed from measured E, and Ey, components (see section D.2 for
further clarification). A, component can be computed from A, and Ay using equation (3). Fields at
closer distances (say, at source, z=0), can be derived as:

E(x,y,0) = %f_""w fjoooA(kx keIt dk di, (12)

In actual measurements, the scan area is finite and limited to x € [—x,,,, X ] and v € [—=Vi, Vil
in the XY plane with finite resolutions Ax and Ay. Uniform intervals of Ax and Ay will result in
PWS equally spaced in k-domain with k, € [—kym, kym] and k,, € [—kym, Ky ]. The sample
spacings and spectral extents are related as follows:

s s
Ax_m’Ay_ky_m (13)
Similarly, for inverse DFT, selection of spectral spacings Aky and Aky in k-domain with k, €
[—kxm, kxm] and Kk, € [—kypm, k] Will lead to equally spaced in (x,y) domain. The spectral
spacings and spatial extents are related as follows:
Akx == E,Aky == ﬂ (14)
The selection of measurement scan area in the near-fields should include all the important fields
in the aperture, such that Ak and Aky are sufficiently small to describe the PWS A and Ay,
respectively. Similarly, the measurement resolution Ax, Ay should be small enough to capture
sufficient spectral extents, i.e., kx, Ky at least equal to k as higher values lead to evanescent PWS
with k2 + ka, > k2. This requires Ax, Ay < A/2 (Nyquist rate).

D.2 Implementation of PWS method

Measured amplitude of power density (PD) in both polarizations can be converted into
corresponding E-field amplitude using below equation®. Here, (8, @) represent the direction
angles of the source antenna relative to the probe, G is the probe gain pattern, and 1 is the free-
space impedance.

G(0,0 dz?
BelCoy ) = 21 S0 PO Gy, d) [ 2 (19)

x2+y?+d?

x4+d

G(0,0)
Bl Gy ) = (21 208 D,y d) [Fir  (19)
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If the probe correction factor for open-ended waveguide probe is already accounted for in the
measurement setup, then the amplitude of E-field is determined using:

|Ex,y|(x, y,d) = \/Zr)PDx_y (x,y,d) (17)

The determined Ex and E, fields over [—x,,, x,,] and [—V,,, Y] Spatial area in plane z=d, with
Ax, Ay spatial resolutions are used to compute E-fields at closer plane z=z, by using Discrete
Fourier Transform as shown below. The spectral extents and resolutions are calculated using (13)
and (14).

Ak ky, d) = -3 3% E(x,y, d)e/ K iod) pAxay (18)
A(ky ky) = A(ky, ky, d)ekzd (19)

1 kym —j —j
E(x,y,z5) = EZE’;(TZT” Z—jl}cymA(kx’ ky)e Jkzzs o= (RxX+KyY) AkxAky (20)
PWS components A, and A, were computed in the back transformed plane using measured Ex,

Ey, and equations (18) — (19). Using equation (3), A; component is calculated based on Ay and Ay.
Using equation (20), Ex, Ey and E; are computed in the back transformed plane. Similarly, using
equation (2), Hy, Hy and H, can be computed as shown below:

1
2wy

H(x,y,z5) =

- kxm

B S dex Al ky e TR e SR Al Ak, (21)

From all components of E-field and H-field, i.e., equations (20) — (21), power density can be
computed as shown below:

PD =E x H = (E,H, — E,H))% + (E,Hy — ExH,) + (ExH, — EyH,)2 (22)

total power density |PD| = \/[Ireal(PDx)l2 + |real(PDy)|2 + |real(PDZ)|2] (23)

Normal vs. Total Power Density:

If only one dominant polarization is measured, i.e., either Ex or Ey, over [—x,,,, x,,] and

[, Ym] spatial area in plane z=d, with Ax, Ay spatial resolutions, then using equations (18) —
(20), only one dominant polarization of E-field can be recovered at closer plane z=zs. Therefore,
only normal component of power density can be recovered in the closer plane (exposure plane)
using equation (17).

If both polarizations are measured, i.e., both Ex or Ey, over [—x,,,, X, ] and [—y,,, ¥ ] Spatial
area in plane z=d, with Ax, Ay spatial resolutions, then using equations (18)-(19), followed by
equation (3), followed by equations (20)-(21), all components of E-field and H-field can be
computed at closer plane z=z;. Therefore, using equations (22)-(23), total power density can be
computed. Note that the measurement system should have high sensitivity to accurately capture
the amplitude and phase of both polarization of fields, particularly, the non-dominant polarization
over the measured scan area. Otherwise, the computed total power density using PWS method
could be erroneous.
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D.3 Validation of PWS implementation for basic array
antenna

D.3.1 Back transformation: parallel to aperture plane

Figure D-1 shows the 2x4 patch array used for validating the implementation of PWS method for
back transforming fields.

Figure D-1: 60GHz 2x4 patch array antenna

Figure D-2 shows the test setup used to measure both polarizations of the waveguide probe for
capturing the normal component of power density propagating into the waveguide probe, with
scan planes parallel with the antenna aperture at 2\ and 4 separation distance.

(a) (b)

Figure D-2: Measure E-fields along the scan planes parallel with the antenna
aperture: (a) vertical polarization; (b) horizontal polarization
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The measured fields at 4A distance were back transformed to 2A distance, and were compared
with measured fields at 2\ distance in Figure D-3. Good agreement in the power density
distributions shows that the implementation of PWS method is accurate.

¥ 1|j3 Confiy. #2xdpatch &@10mm; peak point PDnormal = 17.4 W/

-0.01 -0.005 a 0.005 0.01
#(m)

(@)

¥ 1|j3(3|:|nﬂg. #udpatch 20-to-10mm: peak point PDnormal = 18 W/
]

0.01 0.005 0 0.005 0.01
A (]
(b)

Figure D-3: Peak power density for 2x4 patch:(a) measured at 2A, and (b) back
transformed from 4A

D.3.2 Back transformation: inclined to aperture plane

Using the 2x4 patch array as a source, two measurement scan planes were setup at two
orientations, one measurement plane parallel to the aperture plane of the array and another
measurement plane at an inclination (65 degrees) to the aperture plane. Measured fields were
back transformed to closer planes and the total power density was compared at the intersection
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line between the two back transformed planes, to validate PWS-based measurement approach for
measurement conducted in planes that are at an inclination to the aperture plane.

Figure D-4 shows measured power density along the tilted planes at 4) separation distance from
the closest edge of the 2x4 patch array. The scan plane is 65 degree tilted relative to the main
beam (aperture plane) of the 2x4 patch array. Similar to previous scans, waveguide probe was
rotated 90 degrees to capture both polarizations.

4A plane

Figure D-4: Measured both polarizations of waveguide probe in the 65 degree
tilted scan plane

Test Results and Correlation

Figure D-5 shows the geometry schematic of the two scan planes’ orientations relative to the
2x4 patch array as well as the intersection of scan planes and intersection of their corresponding
back-transformed planes.
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, Inclined scan plane

Back transformation
from the inclined
scan glane by
11.36mm
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Figure D-5: Geometry relationship of the two orientated scan planes relative to the
2x4 array. Measurements are done at the planes represented by the thicker
dashed lines. Aperture scan plane is “parallel” to the array plane.
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Near-Field Back Transformation

We measured the two polarizations of the E-fields tangential to the scanning planes
corresponding to the power density component normal to the scan plane. Figure D-6 shows

the normal power density component along the intersection line (labeled “intersection 1” in
Figure D-5) of these two measured scan planes. Note that at each location along this intersection
line, amplitude of power density (PD) normal to each scan plane will depend on the angle
between PD vector and unit vector normal to each measurement scan plane. Figure D-6 provides

confidence in the positioning and validity of our measurement setup for performing scans at
different angles relative to the aperture plane.

FDnormal (dEImezj at intersection line of measurement planes

—&— in APERTURE plane
—#— in INCLIMED plane

L
]
T

PDnormal (dBYWm<)

1 1
-100 A0 0 a0 100

Figure D-6: In 2x4 patch array case, measured power density component normal
to the scan planes along the intersection line (“intersection 1” in Figure D-5)
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Based on the measured polarizations capturing two E-field components tangential to the scan
plane, we derived the normal E-field component as well as all H-field components using the
Plane Wave Spectrum equations (see equations (18)-(23)) to obtain the total power density in the
back transformed planes that are parallel and inclined to the 2x4 patch antenna aperture plane. We
verified the correlation along the intersection line of the back transformed planes (labeled
“intersection 2” in Figure D-5). Figure D-7 shows the total power density along intersection 2 line
obtained from back transformed planes parallel and inclined to the aperture plane, the simulated
total power density at the corresponding location is also plotted in Figure D-7. The peak values
are within 1 dB.

FDtotal idElernzj through intersection 2
1':' T L T L] T
—&— in APERTURE plana
5 ——in INCLINED plane

I R £ simulation data

PDiotal (dBWm2)

o
L

_2,5 1 [ 1 [ 1
-3 =20 -10 0 10 20 A0

X [mm)

Figure D-7: In 2x4 patch array case, back transformed total power density along
the intersection line (“intersection 2" in Figure D-5)
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E Characterization of Aperture Waveguide
(RF-WR15)

The RF-WR15 open-ended waveguide probe was calibrated in-house for its far field
characteristic. The Qualcomm in-house calibration report is attached at the end of this Appendix.
Additionally, the S11 of the probe was measured; the S11 is less than 10 dB across the 60 GHz

band as shown in Figure E-1.

File Trace/Chan Response Marker/Analysis Stimulus Utility Help
=5 Number of Points |801 rﬂ m
Bl 511 LogM 5.000dB/ 0.00dB
15.00 1: 60.00p GHz -18.97 dB .
>2:| 60530 GHz |-14.75 dB Cal Wizard...
10.00
Cal
5.00 Preferences...
Global
0.00 Delta Match...
-5.00
-10.00
2
oo A N AVANANL ZNPARA /\/\
-20.00 7 ]UI U ) U U { U
-25.00 T
Return
-30.00
-35.00 Favori
1 >Ch1: Start 55.0000 GHz — Stop 65.0000 GHz YL
Cant, s Z 1-Paort Lzl

Figure E-1: RF-WR15 open-ended waveguide probe, measuring S11 of the probe

The variation of S11 between 58.32 (low channel) and 62.64 (high channel) is from -12 dB
to -20 dB, which is about 1% ~ 6% of variation in power. Therefore, it does not have significant
impact if all three channels require evaluation using this waveguide probe.
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Furthermore, it needs to be noted that the waveguide probe, when used in the near field
measurement, is effectively a transmission line. As described in Appendix G, we also validated
the accuracy of near-field measurements using this RF-WR15 probe by measuring and simulating
a standard horn antenna, and the 0.6dB of the probe perturbation (including transmission 10ss)
reported in the Appendix G was accounted in the measurement uncertainty budget (see

Appendix B). Therefore there is no conversion factor that needs to be applied to the final value of
the total power density.

E.1 Purpose and scope

Gain measurements are made by comparing the resulting far-field level of the Antenna Under
Test (AUT) to that of a known Standard Gain Horn (SGH) substituted under the same conditions
(Reference, IEEE ‘Standard Test Procedures for Antennas’ section 12.3 “Gain-Transfer
Method”, IEEE Std 149-1979). The same cables are used for both tests (SGH and AUT). In this
way, the losses for the cables do not matter to the measurement. The difference in measured
signal level is the difference in gain between the AUT and the SGH.This gain standard can be any
type of antenna whose gain has been previously measured or calculated. Often the gain standard
is a pyramidal horn. If the antenna is constructed from the NRL (Naval Research Laboratory)
standards, then published NRL gain curves can be used to describe the gain of the horn.

The purpose of this test was to measure the gain of NSI-MI Open Ended Wavegude Probe
(OEWG), model NSI-RF-WR15. For measurements peformed at Qualcomm’s NSI-MI Antenna

Range, see Figure E-2.
WA

e
-4
-~
o >
<

TX Source Antenna,

Quinstar Pyramidal

Horn, model QWH-
& VPRROO

£ A
\
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EAAAA AAAAR
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Figure E-2: Qualcomm NSI-MI far-field gain Measurement using standard gain
horn
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Acer N15W8 802.11ad RF Exposure Assessment

E.2 Gain measurement procedure
Measurement is performed using NSI 2000 antenna measurement software.

1. Measure the largest aperture dimensions of antennas (Source, SGH, and AUT)

2. Compute Far-field distance:
, , 2D?
Far Field Distance > o

D for NSI horn (largest aperture dimension) = 1.26”

At 62.6 GHz, Far-field > 17”
Far-field distance of 40” was used for tests

Mount and align the transmit source antenna and SGH, verify Far-field distance is adjusted to

3.
correct length. This is measured from the center-of-rotation of the azimuth stage to the front
of the source antenna. Use a plumb bob to verify that the aperture of SGH is over azimuth
rotater center-of-rotation. Place absorber material around AUT and support structures. Adjust
transmit SGH for vertical polarization.

4. Perform laser alignment with precision mirror, see Figure E-3. Note: Typical alignment

results can get system alignments to within about £ 0.1” and £0.1°

R A S S x v r .,

AAAK A A X .rop

» e
. .
* -
, v
L
* w
LA
L
L
L

Figure E-3: Laser alignment using precision mirror

5. Adjust the SGH for vertical polarization.
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6.

For Far-field measurements the model tower is equiped with phi (“roll”) over azimuth
rotation, the AUT is mounted to the model tower, while the TX source antenna is mounted to
the X-Y scanner. Figure E-4 shows spherical coordinate system.

NSI 8'x6’
Scanner

Figure E-4: Range coordinate system

10.

11.
12.
13.

Run the frequency bands script and select ‘50-75 GHz, AUT=RX mode’.

Make a calibration measurement (AUT = SGH). Peak up the SGH amplitude reading by
adjusting the azimuth and elevation position in the move axes menu.

Set up the OEWG measurement. Remove SGH at model tower and replace with OEWG.
Connect the AUT to the antenna cable. Place RF absorber material around AUT and support
structures.

Align aperture of OEWG over model tower azimuth center-of-rotation. Follow the procedure
to align the Source Antenna and AUT phi stage. Using plumb bob, adjust Z-Axis as
necessary, and then check level of OEWG with precision level.

Adjust the OEWG for vertical polarization
Perform single-axis measurement.

Process the gain data using calibration file from SGH. This will compute the gain constant
and the AUT calculated gain. The AUT calculated gain is computed by adding the gain
constant, network offset, and AUT max far-field.
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Characterization of Aperture Waveguide (RF-WR15)

E.3 Results

Measured Gain of NSI-RF-WR-15 OEWG Probe:
m Tests performed at Qualcomm NSI-MI Far-field range on 4/15/16

m NSI-RF-SG15 Horn used as calibration reference

Measured gain is compared to theoretical far-field gain of common open-ended waveguide
aperture with a two-to-one aspect ratio, i.e. a/b=2, provided by IEEE Std C95.3-2002(R2008)
clause 5.5.1.1.3 equation (4)

f is frequency in GHz

G=216fa

a is the width (larger dimension) of the waveguide aperture in (m)

Table E-1: Measured gain compared to theoretical far-field gain

Frequency a(m) Theoretical Gain (dBi) Measured Peak Delta (dB)
(GHz) Gain (dBi)
58.30 0.00376 6.75 6.79 0.04
60.00 0.00376 6.88 7.47 s9
60.50 0.00376 6.91 7.31 0.40
62.60 0.00376 7.06 7.11 0.05

note: All NSI-MI SGHs are designed and built to meet the requirements of NRL Report 4433 and
include theoretical gain versus frequency curves. Frequency coverage is based on standard "WR"
waveguide bands. The published curves are said to be accurate to +/ 0.3 dB.
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F Normal vs. Total Power Density

In order to validate the applicability of simulated difference in normal power density (PDnormar)
versus total power density (PDutar), this difference was verified through measurements for the
Acer N15W8 laptop containing QCA9008-TBD1 802.11ad module operating in worst

configuration (#13).

F.1 Test setup for Acer laptop

The far-field antenna pattern of Acer N15W8 laptop containing QCA9008-TBD1 802.11ad
module operating in worst-case Antenna configurations #13 is shown in Figure F-1, where it can
be seen that the main beam is about 65 degrees relative to the normal of defined exposure plane

(bottom surface of laptop).

Radiation Pattern 1
Cury e intg
] — = dB{RealizedGainTodal)
s | T Setsp - Lastadaptive
ag 30 Freq=5l 5GHZ Phi=140dey
.-{:H _rhx
5.00
0,00 \\
RS
&0 ) . 20
i
'5;3\? A

Figure F-1: Antenna pattern of configuration #13 and its orientation relative to the

exposure plane
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Based on the relative orientation of the main lobe direction and the exposure plane, the test setup
shown in Figure F-2 was established for this validation. Note the two white foam sticks placed on
the Acer N15WS8 laptop edge along each side of the QCA9008-TBD1 802.11ad module were
used for aligning the waveguide probe towards the center of the 802.11ad module, particularly
when the Acer laptop was in a tilted position. The objective of the validation is to:

1. Scan the E-fields in both polarizations along the plane that is normal to main beam
propagation (in other words, parallel with the antenna aperture)

2. Back-transform the fields to the hot spot location in the exposure plane identified in the main
RF exposure assessment report

3. Compare the maximum power density level with what we reported (Figure 4-5), as well as
provide the correlation along the intersection line (along X-axis) going through the hot spot in
exposure plane.

Figure F-2: Acer laptop positioned at 65 degree from the Y-axis

F.2 Acer Antenna configurations #13 test results and
correlation

Figure F-3 shows the geometry schematic of the two scan planes’ orientations relative to the
Acer’s QCA9008-TBD1 802.11ad module as well as the intersection of scan planes and the
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intersection of their corresponding back-transformed planes going through the hot spot in the
exposure plane.

“Aperture” scan plane
(plane normal to main beam
direction)

e

Back transformation
from the aperture scan
plane by 18.2mm

Intersection 1

Exposure
Plane

802.11ad module

pad .
»* Back transformation

Inclined scan plane .~ _fromthe inclined
(parallel to exposurepplane) ~ gcan plane by 20mm

I
i

Figure F-3: Geometry relationship of the two orientated scan planes relative to
QCA9008-TBD1 802.11ad module installed in Acer

We measured both the polarizations of the E-field components tangential to the measured scan
planes (indicated in Figure F-3). It should be noted that “inclined scan plane” in Figure F-3
corresponds to the results shown in Figure 4-5. Figure F-4 shows the normal power density
component along the intersection line (labeled “intersection 1” in Figure F-3) of these two
measured scan planes.
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Figure F-4: In Acer laptop case, measured power density component normal to the
scan planes along the intersection line (“intersection 1" in Figure F-3)

Based on measured data, we derived the corresponding normal component of E-field as well as
all H-field components using the Plane Wave Spectrum equations to obtain total power density in
the back-transformed planes. Here, fields were back-transformed to planes going through the
exposure plane hot spot location (labeled “intersection 2” in Figure F-3) identified in the main
report.

Figure F-5 shows the total power density along the intersection line of these two back-
transformed planes going through the exposure plane hot spot (labeled “intersection 2” in
Figure F-3).
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Normal vs. Total Power Density
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Figure F-5: Back transformed total power density along the intersection line
(“intersection 2” in Figure F-3) in the exposure plane (bottom surface of Acer
N15WS8 laptop).

Figure F-1 lists the maximum 1 cm2-averaged total power density levels obtained from:

a. Back-transforming the field measured in a plane parallel to exposure plane

b. Back-transforming the field measured in a plane parallel to “aperture” plane (main beam
direction)

c. Back-transforming the PDnorma measured in a plane parallel to exposure plane (value
obtained from Table 4-2), and adding the free space simulated delta (1.8dB) of (PDotal-

I:)Dnormal)

Table F-1: Maximum 1 cm2-averaged total power density levels

(@)

Based on measured
data in parallel to
exposure plane and
back transformed
PDrotal to exposure
plane

(b)

Based on measured
data in parallel to
aperture plane and
back transformed
PDrotal to exposure
plane

(c)

Based on measured dominant
polarization data in parallel to
exposure plane and back
transformed PDnormal to exposure
plane and applied free space
simulated delta (1.8dB) of
(PDtotal-PDnormal)

1lcm?-averaged PDiotal
(W/m?) at the hot spot in
exposure plane

6.6

5.56

7.05 (=4.66 *10(1-8/10))

Therefore, the adjustment of normal component of power density and total power density using
simulated difference is conservative.
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G Near-Field Measurement Validation

This section addresses two key aspects in near-field measurement:
m Determine the separation distance to minimize probe perturbation

m Evaluate test setup for accuracy of absolute amplitude measurement

G.1 Near-field perturbation of probe

To assess the influence of WR-15 open-ended waveguide probe on the power density in the near-
field of the source, FEM simulations were performed at 60 GHz using Ansys Electromagnetics
Suite 17.0.0 for a 2x4 patch antenna array and power density was assessed at various separation
distances with and without the waveguide probe (see Figure G-1).

(a) (b)

Figure G-1: (a) 2x4 patch array simulated in free-space to determine total power
propagating normal to the probe aperture at various separation distances. (b) 2x4
patch array was simulated with WR-15 open-ended waveguide probe at various
separation distances to compute the received power at the port of the probe.

Free-space simulation of a 2x4 patch antenna array was performed in the absence of the
waveguide probe and total power was computed over the probe aperture at various separation
distances, i.e., integral of real part of normal component of Poynting vector over the aperture
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area. At these separation distances, the second set of simulations were conducted by placing the
waveguide probe to compute the total received power at the port of the waveguide. The total
power over the aperture area at various separation distances with and without the WR-15
waveguide probe is plotted below in Figure G-2:

Probe Perturbation

Free space power seen over the
equivenlent aperture of WR15 probe

O o N &

$21 from array input to output of WR15

-10
-11
-12
-13

total Rx power (dBm)

-14
-15

-16
A2 A 2A 3A 4n

Separation Distance

Figure G-2: Simulated total power incident on probe aperture with and without the
WR-15 waveguide probe at various separation distances from a 2x4 patch antenna
array.

S21 is defined from input of the patch array to the output of the waveguide probe. Since we are
measuring at the port of waveguide probe (in actual measurements), it will give a direct
comparison on power incident in no-probe condition to power received by waveguide probe
(S21) for a normalized input power at the patch array (0 dBm).

From Figure G-2, the WR-15 waveguide probe will measure power density significantly different
from incident power density at separation distances <A and at distances >A, the probe measures
within 0.6 dB of incident power density. This 0.6 dB has been accounted for in the measurement
uncertainty budget in Appendix B. As expected, the WR-15 probe perturbation decreases with
increasing separation distances.

G.2 Accuracy of absolute amplitude measurement validation

The accuracy of measurement and simulation setups for known sources was verified in this
section. Near-fields were measured for a standard horn antenna and a 2x4 patch array at 2\
distance (10 mm @ 60 GHz) away. The horn antenna is a known source having a gain of 25.1
dBi, and the 2x4 patch array was measured using the substitution method with the horn antenna
resulting in a measured gain of 14.0 dBi. Both these sources were also simulated using Ansys
Electromagnetics Suite 17.0.0. The simulated gain of the horn and 2x4 patch array were 25.4 dBi
and 14.1 dBi, respectively. This correlation validates the modeling aspects of simulation
approach.
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Furthermore, good agreement was found in measured and simulated power density at 2\ distance
away from the aperture of the source.

Table G-1 shows the comparison of peak power density in a plane parallel to the aperture and 2\

away.

Table G-1: Peak power comparison

Peak PD measured at

Peak PD simulated at

dBm

Sourcel/input power 2\ (Wim?) 2\ (Wim?) Delta (dB)
Horn antenna/2 dBm 2.97 3.14 -0.27
2x4 patch antenna/1.4 17.43 15.9 0.40

Figure G-3 and Figure G-4 show the measurement and simulation setups along with power
density distributions.

han

m @10mm: pask PD =297 Win?

PD (W/m*2)
3. 144264000

. 2. 94794000
2. 7516e+000
2.5553e+200
2. 35894000
2. 1626e+000
1.9663e+008
1. 7700e +208
1.5736e+000
1.3773e+000
1. 1810e+200
9. B4BEe-Ba1
7.8834e-001

5.9201e-001
3.9569¢-001
1.9936e-001
3.0365e-003

(d)

Figure G-3: Horn antenna: (a) measurement setup, (b) simulation setup, (c)
measured power density, (d) simulated power density
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Setup for 2x4 patch array-measurement

e
g T
e

(a) (b)

PD (W/n~2)

1,5946e+001
1.4953e+081
1.3961e+001
1.2968e+881
1. 1976e+881
1.0983e+001
3. 99056 +808
8.9979¢+000

§. 0053 +000
|| 7.0127¢+000
6. 0201 +000

5.0275¢+660 |
4. 83492 +008
3.0423e+000
2,0497¢+000
1,0571+000
6. 4451e-002

2x4patch @10mm: peak PD = 17.4 Wint

¥ (m)

H & L o N o= o

-001 -0.005 0.005 0.01

(c)

(d)

Figure G-4: 2x4 patch array: (a) measurement setup, (b) simulation setup, (c)
measured power density, (d) simulated power density

Since the measurement and simulation are two independent approaches, those two methods can
validate each other, i.e. one method compliments the other. The good agreement between the
measurement and simulation shown in this section validates the measurement setup for absolute
amplitude measurement.
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H KDB 865664 D02 Reporting

Considerations

In this report, guidelines in KDB 865664 D02 were followed.

Table H-1 provides a summary of KDB 865664 D02 reporting considerations for RF exposure
compliance versus what we reported.

Table H-1: KDB 865664 D02 reporting considerations

#

KDB 865664 D02 (all reports)

Comments (this report only)

2.1a

Device operating configurations and exposure conditions

See Appendix A

2.1b

Statement of compliance

See Chapter 0

2.1c

Information and test results for compliance

See Chapter 4

2.1d.1

Operating modes, nominal and maximum output power,
frequency bands, etc.

See Chapter 2 and Appendix A

2.1d.2

Antenna illustrations and separation distances

See Appendix A

2.1d.3

Voice and data mode transmission requirements

Not applicable

2.1d.4

Duty factor and power reduction requirements

Not applicable

2.1e

Various wireless modes

Not applicable

2.1f

Details on test equipment, calibration, numerical simulation
tools

See Chapters 3 and 4,
Appendix E and G

KDB 865664 D02 (MPE reports)

2.2a

Test setup details

See Section 4.2

2.2b

Max output power delivered to antenna. Cable losses must
be accounted.

See Appendix A

2.2¢c

Measurement points and separation distances from
antenna. Spatially averaged results.

See Section 4.3

2.2d

Simultaneous transmission

Not applicable

2.2e

Occupational exposure limits

Not applicable

KDB 865664 D02 (analysis reports)

2.4a

Device operating configurations, exposure conditions, max
output power, duty factor and test exclusion.

= See Chapter 3 and Appendix A

= Used numerical simulations for
test exclusion/worst-case
determination in Section 3.3

2.4b

SAR test exclusion

Not applicable

2.4c

Mobile exposure<300kHz, SAR meas.<100MHz

Not applicable
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# KDB 865664 D02 (numerical SAR sim report)

2.5a Computational resources Ansys Electromagnetics Suit
17.0.0 on a server with at least
96 GB RAM, 1TB hard drive.

2.5b Numerical modeling implementation and validation Used standard sources such as
horn antenna to validate through
measurements in Appendix G.
PWS Implementation in Appendix

D
2.5¢ Computational parameters See Sections 3.1 and 3.2
2.5d Phantom model implementation and validation Not applicable
2.5e Tissue dielectric parameters Not applicable
2.5f Transmitter model implementation and validation Validated single active antenna

element case through
measurement in Section 5.1

2.59 Test device positioning (description and illustration) See Sections 3.1 and 3.2
2.5h Steady state termination procedures (convergence) Ensured (see Section 3.2)
2.5i Computing peak SAR from field components Extracted power flowing through

the exposure plane
(see Section 3.3), and Appendix C

2.5j 1-g averaged SAR procedures Performed 1cm?-spatial averaging
on power density
(see Section 3.3)

2.5k Total computational uncertainty See Appendix B

2.5l Test results for determining SAR compliance = |dentified worst-antenna
configurations through
simulation (see Section 3.3)
and Appendix C

= Performed measurements for

compliance demonstration
(see Section 4.3)
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