Measurement Conditions

DASY system configuration, as far as not given on page 1.

DASY Version cDASY6 Module mmWave V1.6
Phantom 5G Phantom

Distance Horn Aperture - plane 10 mm

XY Scan Resolution dx, dy =2.5 mm

Number of measured planes

2 (10mm, 10mm + A/4)

Frequency

30 GHz + 10 MHz

Calibration Parameters, 30 GHz

Distance Horn Aperture Prad1 Max E-field | Uncertainty Avg Power Density Uncertainty
to Measured Plane (mw) (V/im) (k=2) n.Re{S}, |Re{S}| (k=2)
(W/m2)
1 cm? 4 cm?
10 mm 57.8 179 1.27 dB 72.0,72.6 63.6, 64.3 1.28 dB

! derived from far-field data
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DASY Report

Measurement Report for 5G Verification Source 30 GHz, UID 0 -, Channel 30000 (30000.0MHz)

Device under Test Properties
Name, Manufacturer Dimensions [mm] IMEI DUT Type
5G Verification Source 30 GHz 100.0 x 100.0 x 100.0 SN: 1045 -

Exposure Conditions

Phantom Section Position, Test Distance Band Group, Frequency [MHz], Conversion Factor
[mm] Channel Number
5G - 5.55 mm Validation band Ccw 30000.0, 1.0
30000

Hardware Setup

Phantom Medium Probe, Calibration Date DAE, Calibration Date
5G Phantom Air EUmmWV3 - SN9374, 2018-12-31 DAE4 Sn1215, 2019-02-22
Scan Setup Measurement Results
) - . 5G Scan 5G Scan
Grid Extents [mm] 60.0 x 60.0 Date 2019-04-30, 08:35
Grid Steps [lambda] 0.25x 0.25 Avg. Area [cm?] 1.00
Sensor Surface [mm] 5.55 pStot avg [W/m?] 72.6
MAIA MAIA not used pSn avg [W/m?] 72.0
Epeak [V/m] 179
Power Drift [dB] 0.01
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APPENDIX D: TOTAL EXPOSURE RATIO

The Total Exposure Ratio (TER) is calculated by combining all SAR measurements and power density
measurements after normalizing to their respective limits. The general expression is below.

A B

SAR, SAPD,

. SAR,, limit SAPD,, limit
a= =
The TER shall be less than unity to ensure compliance with the limits.
4GSAR, i 5G mmW NR SAPD,, C WLAN SAR,
] 4G SAR,, limit ) 5G mmW NR SAPD,,, limit . WLAN SAR,, limit <
n= m= p=

Qualcomm® Smart Transmit algorithm for WWAN adds directly the time-averaged RF exposure from 4G and time-
averaged RFexposure from 5G mmW NR. Smart Transmit algorithm controls the total RF exposure from both 4G
and 5G mmW NR to not exceed FCC limit. Therefore, per FCC guidance, TER does not need to be evaluated
directly for the 4G and 5G simultaneous compliance via summation. The following equations are derived in
Appendix D page 4. The validation of the time-averaging algorithm and compliance under the Tx varying
transmission scenario for WWAN technologies are reported in Part 2 report. The report SN could be found in
Bibliography section.

4G SAR, : WLAN SAR,
4G SAR,, limit WLAN SAR,, limit ~
n=1 p=1
M P
Z 5G mmW NR SAPD,, WLAN SAR,
5G mmW NR SAPD,,, limit * £, WLAN SAR,, limit ~
m= p=

For 5G mmW NR, since there is total design-related uncertainty arising from TXAGC and device-to-device
variation, the worst-case RF exposure should be determined by accounting for this device uncertainty of 2.1 dB.
Smart Transmit algorithm limits PD exposure to 75% of maximum to provide at least 25% margin allocated for 4G
LTE anchor due to the 3 dB reserve power margin used in the device. Therefore, 5G mmW NR RF exposure for
this DUT is evaluated by reported PSPD calculated as:

reported_psPD = 75% X PD_design_target + 2.1 dB = 0.75 mW /cm?*

Note that since not all the beams supported by this EUT are measured, reported_PSPD cannot be computed
based on limited measured PSPD data. Alternatively, since measured PSPD for all the beams will be <
PD_design_target + 2.1dB uncertainty, reported_PSPD is computed based on this worst-case PSPD as shown
above.

The compliance analysis for simultaneous transmission scenarios of WWAN (4G LTE & 5G mmW NR) with Smart
Transmit and 4G & WLAN can be found in two reports indicated in the table below. This appendix demonstrates
compliance for the 5G + WLAN scenarios. The report SNs can be found in Bibliography section.

Simultaneous Scenario Evaluation Report
4G LTE WWAN + WLAN FCC SAR Evaluation Report (Part 1)
2. 4G LTE WWAN + 5G mmW NR WWAN | RF Exposure Part 2 Test Report

=
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RF exposure compliance with 5G mmwW NR WWAN+WLAN simultaneous transmission scenarios is demonstrated
for various radio configurations below.

Note that the above reported PSPD applies to the worst-surface of the DUT at 2mm evaluation distance. For this
DUT, the worst-surface(s) are listed in Table 1-9.

Worst-case PD on other surfaces of the DUT are calculated from simulated PD data (see Section 3.1 of Power
Density Simulation Report, report SN could be found in Section 1.7 - Bibliography), by multiplying reported PSPD
with the highest proportion out of all beams and out of all three channels in each band, where the adjustment for
each beam/channel is computed as the proportion of “simulated PD on desired surface” to “simulated PD on
worst-surface”. For example, to determine worst-case PD on front surface (needed for Head RF Exposure
evaluation during simultaneous transmission), highest proportion of (simulated PD on front surface)/(simulated PD
on worst surface) was determined out of all supported beams and out of all three channels by the DUT in each
band.

Similarly, worst-case PD at other evaluation distances from the DUT are calculated from simulated PD data (see
Section 3.1 of Power Density Simulation Report, report SN could be found in Section 1.7 - Bibliography), by
multiplying reported psPD with the highest proportion out of all beams and out of all three channels in each band.
The adjustment factor for each beam/channel is computed as proportion of “simulated PD on surface at desired
evaluation distance” to “simulated PD on worst-surface at 2mm evaluation distance”. For example, to determine
worst-case PD at 10mm evaluation distance for back side (needed for Hotspot RF Exposure evaluation during
simultaneous transmission), highest proportion of (simulated PD on back side at 10mm)/(simulated PD on worst-
surface at 2mm) was determined out of all supported beams and out of all three channels by the DUT in each
band.

In some cases, the simulation vs measurement for some surfaces can exceed the device's total uncertainty. In
those cases, if the measured psPD > simulated adjusted psPD (assuming a linear congruency of the psPD across
surfaces), then 75% of the measured value (based on the 3 dB reserve power margin) should be used towards
the simultaneous TX analysis. Table D-1 lists the relevant worst-case reported psPD values based on the
additional surfaces and evaluation distances needed to perform the TER analysis. The highest of the adjusted
Reported_psPD and Measured Total psPD* 0.75 was chosen for TER analysis and the chosen values are
indicated by bolded psPD values.

Table D-1
5G mmW NR psPD
NR Band Surface Evaluation Adjustment Factor due to Adjusted Reported psPD Measured Total psPD Reported Total psPD x 0.75
Distance Simulation (mW/cm2) (mW/cm2) (mW/cm2)

Back 2mm 1 0.750 - -
Front 2 mm 0.249 0.187 0.273 0.205
Top 2mm 0.567 0.425 0.252 0.189

n261 Left 2mm 1 0.750 - -
Right 2 mm 1 0.750 - -
Back 10 mm 0.617 0.463 0.328 0.246
Back 15mm * 0.617 0.463 - -
Back 2 mm 1 0.750 - -
Front 2mm 0.25 0.188 0.204 0.153
Top 2 mm 0.474 0.356 0.183 0.137

n260 Left 2 mm 1 0.750 - -
Right 2 mm 1 0.750 - -
Back 10 mm 0.689 0.517 0.323 0.242
Back 15 mm * 0.689 0.517 -

*Adjusted factor is (simulated PD on desired exposure plane)/(PD on worst-surface at 2mm evaluation distance) out of all beams and out of all
channels. See Section 3.1 of Power Density Simulation Report, report SN could be found in Section 1.7 — Bibliography.
**VValue at 10mm is used for conservative evaluation.
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Table D-2
5G mmW NR Head Total Exposure Ratio

24GHz WLANAnt1 | 24GH WLANAE2 | |5 GHz WLAN Ant1 at| 5 GHz WLAN Ant2at | 5 GHz WLAN P+ 2.4 WLAN
psPD at16 dBm at 16 dBm Remrtod SAR 13dBm 13dBm MIMO at 16 dBm | psPD+2.4GHz | psPD+24GHz | psPD+2.4GHz |psPD-+BT+5 GHz |psPD + BT+ 5 Gz | psPD-+ BT+ 5 Ghz | Po 1+ =4 L0
Reported SAR Reported SAR B Reported SAR Reported SAR Reported SAR |  WLAN Antl WLANANt2 | WLANMIMO | WLANAnt1 WiaNAnz | wianmivo | \TEE AR
mwem® Wik Wik Wik Wik Wik Wik
1 2 3 a 5 6 7 1+2 1+3 1+2+3 1+4+5 1+4+6 1+4+7 1+2+43+7
Applicable Limit 1.0 1.6 1.6 1.6 1.6 1.6 1.6 1.0 1.0 1.0 1.0 1.0 1.0 1.0
psPD 0.205 0.469 0,003 0.288 0.185 0,053 0223
Ratio to Limit 0.205 0.293 0.002 0.180 0.116 0.033 0.139 0.498 0.207 0.500 0.501 0.418 0.524 0.639
24GHz WLAN Ant1 | 24GHIWLANAnt2 | 15 GHz WLAN Ant1 | 5 GHz WLAN Ant2 [5 GHz WLAN MIMO at D+ 2.4 WLAN
psPD. at20dBm at20dBm Revortod SAR at17dBm  |at17dBm Reported 20dBm PSPD+2.4GHz | psPD+24GHz | psPD+24GHz |psPD +BT+5Ghz | psPD-+ BT+ 5 Gz | psPD + BT+5 GHz | P70« 4 T
Reported SAR Reported SAR SIS Reported SAR SAR Reported SAR WLAN Ant1 WLANAnt2 | WLANMIMO | WLAN Ant1 WiANAn | wianmivo | \TVES AR
mw/em® Wike wike Wike Wik Wike Wike
1 2 3 4 s 6 7 12 143 1243 1v4+5 1+4+6 1a+7 1424347
Applicable Limit 1.0 1.6 1.6 1.6 1.6 1.6 16 1.0 1.0 1.0 1.0 1.0 1.0 1.0
psPD 0.517 0.095 0.074 0.022 0.207 0.396 0.485
Ratio to Limit 0.517 0.059 0.046 0.014 0.129 0.248 0.303 0.576 0.563 0.622 0.660 0.779. 0.834 0.925
2.4GH: WLAN Antt | 24 GHe WLAN Ant2 | 24GHaWLAN | L T Gz WLAN At at| 5 GHE WLAN ARtZ. | 5 Gz WLAN PO 24 WA
psPD at20dBm at20dBm MIMOat 16dBm | ":':: AR | 174Bm Reported | at17dBm Reported | MIMOat20dBm | psPD+24GHz | psPD+2.4GHz | psPD+2.4GHz |ps P P "MIMQ o
Reported SAR Reported SAR Reported SAR S SAR SAR Reported SAR | WLAN Ant1 WLANANt2 | WLANMIMO | WLAN Ant1 WLANAn2 | wianmimo | (UROS RS
mW/em® Wikg W/ke Wikg Wikg. W/ke W/ke Wk
1 2 3 4 s 3 7 s ey s ia Trsee Tvse7 Trses Tvars
‘Applicable Lt 10 16 16 16 16 16 16 16 10 10 10 10 10 10 10
s sae 1o o0 0517 G330 019 0138 oo () 0485 0522
ackSide a mm Ratio to Limit 0.517 0.206 0123 0.086 0.026 0.112 0.306 0326 0.723 0.640 0.603 0.655 0.849 0.869 0.929
Front Side at 10 mm PSPD (2mm) 0.205 0.330% 0.196* 0.059 0.029 0.043 0.010 0.068
Ratio to Limit 005 006 0123 0037 o018 0027 0,006 003 0411 0328 0202 0250 0225 0266 0285
Top Edge at 10 PsPD (2mm) 0.425 0.330 0.196* 0.156 0.071 0.179* 0.489* 0.522*
op Fdge a mm Ratio to Limit 0.425 0.206 0123 0.098 0.044 0.112 0.306 0326 0.631 0.548 0.523 0.581 0.775 0.795 0.849
Bottom Edge at 10 mm psPD u 0 u u u u u u
' Ratio to Limit_ 0 o 0 0 0 0 0 0 0.000 0.000 0.000 0.000 0.000 0.000 0.000
PSPD (2mm) 0.750 0 o 0 0 0 0 0
Right Edge at 10 mm Ratio to Limit 0.750 [ 0 0 [ 0 [ [ 0.750 0.750 0.750 0.750 0.750 0.750 0.750
Left Edge at 10 PsPD (2mm) 0.750 0.330% 0.196* 0.050 0.016 0.179* 0.120 0.251
ge 2 mm Ratio to Limit. 0.750 0.206 0123 0.031 0.010 0.112 0.075 0.157. 0.956 0.873 0.781 0.872 0.835 0.917 0.938

(*) For test positions that were not required to be evaluated for WLAN SAR per FCC KDB publication 248227, the worst-case WLAN SAR
result for the applicable exposure conditions was used for simultaneous transmission analysis.

Table D-5
5G mmW NR Phablet Total Exposure Ratio

5 GHz WLAN Antl at| 5 GHz WLAN Ant2 5 GHz WLAN
psPD 17 dBm Reported | at 13 dBm Reported | MIMO at 16 dBm psPD + 5 GHz psPD + 5 GHz WLAN | psPD + 5 GHz WLAN
SAR SAR Reported SAR WLAN Antl Ant2 MiMO
mW/cm? W/kg W/kg W/kg
1 2 3 4 1+ 2 1+3 1+4
Applicable Limit 1.0 4.0 4.0 4.0 1.0 1.0 1.0
psPD 0.750 0.924 0.633 0.86
Ratio to Limit 0.750 0.231 0.158 0.215 0.981 0.908 0.965

Notes:

1. Worst-case power density results for each test configuration among all antenna arrays (J Patch, K Patch, L Patch, J
Dipole) and among all supported bands (n261, n260) were considered for TER analysis.

2. For front side, top edge, left edge, and right edge, power density results at 2 mm were considered as a more conservative
evaluation for 10 mm hotspot.

3. Power density results at 10 mm were considered as a more conservative evaluation for 15 mm body-worn.

4. Per FCC guidance, the bands/modes that are not required to be evaluated for Phablet SAR are not considered for TER
analysis.

5. Per FCC guidance, for power density measurements, a test separation distance of 2 mm was used for phablet
configuration due to probe restraints.

6. Worst-case front side reported psPD was considered for Head TER analysis.

7. The worst-case between Adjusted Reported_psPD and Measured Total psPD x 0.75 was chosen for TER analysis. The
bolded psPD values in Table D-1 indicate the worst-case Reported psPD used in TER analysis.

The above numerical summed PD and SAR for all the worst-case simultaneous transmission conditions were below the Total
Exposure Ratio. Therefore, the above analysis is sufficient to determine no further test cases are required and that
simultaneous transmission is compliant to the FCC RF Exposure Limit.
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Mathematical Derivation of TER Compliance

Total Normalized RFx = Normalized RFX rime averagea wwan + Normalized RFx yay < 1.0 D

Since WWAN Smart Transmit algorithm adds directly the time-averaged RF exposure from 4G and time-averaged
RF exposure from 5G mmW NR, per chipset manufacturer’s guidance, Normalized RF exposure from 4G and
from 5G mmW NR could be assumed as

4G SAR 5G mmW NR SAPD

Normalized RFx +; = < 1.0 2
Time Averaged WWAN ™ 46 GAR Limit + 5G mmW NR SAPD Limit — ©

Smart Transmit algorithm assumes that 4G and 5G mmW NR hotspots are co-located and therefore:
Time Averaged WWAN = [ x(t)xA] +[(1-x(t))><B] <'1.0 Normalized Limit 3)
A = Max normalized time-averaged SAR exposure from 4G

B = Max normalized time-averaged PD exposure from 5G mmW NR

X(t) = Ranges between [0,1]
X(t)x A = Percentage of normalized time-averaged RF exposure from 4G
(1-x(t))>x B = Remaining percentage of RF exposure contribution from 5G mmW NR

Smart Transmit controls “X” in real time such that the sum of these exposures never exceeds 1.0 Normalized
Limit. If the equations below (4a, 4b) are proven, then, mathematically equation (5) would be proven.

A + norm. SAR from WLAN < 1.0 normalized limit (4a)
B + norm. SAR from WLAN < 1.0 normalized limit (4b)
[x(t)x A] + [(1—x(t))XB] + norm. SAR from WLAN < 1.0 normalized limit (5)

Without 5G mmW NR, Smart Transmit limits the maximum RF exposure contributed from 4G to 100% normalized
exposure. With 5G mmW NR, Smart Transmit limits the maximum RF exposure contributed from 5G mmW NR to
75% normalized exposure to guarantee at least 25% margin allocated to 4G LTE anchor to maintain the link.
Therefore,

Smart Tx WWAN: A = max (normalized SAR exposure from 4G) < 1.0 normalized limit (6a)

Smart Tx WWAN: B = 0.75 x max (normalized PD exposure from 5G mmW NR) < 1.0 normalized limit (6b)

To demonstrate simultaneous transmission compliance in equation (1), below equations (7a & 7b) obtained by
combining equations (4a & 4b) and (6a & 6b), should be proven for simultaneous transmission compliance:

Total Normalized RFx = Normalized SAR . wwan + Normalized SAR 4y < 1.0 (7a)
Total Normalized RFx = 0.75 X Normalized SAPD ¢ mmw Nk wwan + Normalized SAR 4y < 1.0 (7b)
which are re-written as:
Total Normalized RFx = ——ot% 4 LANSAR g (8a)
4G SAR Limit  WLAN SAR Limit
Total Normalized RFx = 0.75 x ——WWWNRSAPD | _WLANSAR _ _ 4 (8b)
5G mmW NR SAPD Limit ' WLAN SAR Limit

Analysis for equation (8a) is performed in Section 12 of FCC SAR Evaluation Report (Part 1). Analysis for
equation (8b) is performed in this appendix, Tables D-2 to D-5.
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