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1. Attestation of Test Results

Applicant Name Google LLC
FCCID A4RGGX8B
Model Name GGX8B
Reference SAR Report 15107858-S1
SAR Limits (W/Kg)
iti i PD Limits
Exposure Category Peak Spatial Average SIS (hagtc(j: S)’ TR, SIS, (Wim?)
(geriseus) (10-g of tissue)
General Population
1. 4 1
(Uncontrolled Exposure) 6 0
Date Tested 2023/12/12 to 2024/04/12

UL Verification Services Inc. tested the above equipment in accordance with the requirements set forth in the above
standards. The test results show that the equipment tested is capable of demonstrating compliance with the
requirements as documented in this report.

This report contains data provided by the customer which can impact the validity of results. UL Verification Services
Inc. is only responsible for the validity of results after the integration of the data provided by the customer.

The results documented in this report apply only to the tested sample, under the conditions and modes of operation
as described herein. It is the manufacturer's responsibility to assure that additional production units of this model are
manufactured with identical electrical and mechanical components. All samples tested were in good operating
condition throughout the entire test program. Measurement Uncertainties are published for informational purposes
only and were not taken into account unless noted otherwise.

This document may not be altered or revised in any way unless done so by UL Verification Services Inc. and all
revisions are duly noted in the revisions section. Any alteration of this document not carried out by UL Verification
Services Inc. will constitute fraud and shall nullify the document. This report must not be used by the client to claim
product certification, approval, or endorsement by A2LA, NIST, or any agency of the U.S. Government, or any agency
of the U.S. government.

Approved & Released By: Prepared By:
prt A
Dave Weaver Nathan Sousa
Senior Staff Engineer Senior Laboratory Engineer
UL Verification Services Inc. UL Verification Services Inc.
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2. Facilities and Accreditation

The test sites and measurement facilities used to collect data are located at
47173 Benicia Street 47266 Benicia Street

SAR Labs Ato H SAR Labs 1to 15
UL Verification Services Inc. is accredited by A2LA, Certificate Number 0751.05

The Test Lab Conformity Assessment Body Identifier (CABID)
Location CABID Company Number

47173 Benicia Street, Fremont, CA, 94538 UNITED STATES
47266 Benicia Street, Fremont, CA, 94538 UNITED STATES

US0104 2324A

3. Introduction

The equipment under test (EUT) is a smart phone. It contains the Samsung modem supporting 2G/3G/4G WWAN
technologies and mmW 5G NR bands. These WWAN modems enable Samsung’s S.LSI TAS feature to control and
manage transmitting power, in real time, and to ensure the time-averaged RF exposure is always in compliance with
the FCC requirement.

In this report, Part 0, the EUT SAR and power density (PD) are characterized for WWAN radios (2G/3G/4G/5G mmW
NR) to determine the power limit that corresponds to the exposure design target after accounting for all device design
related uncertainties, i.e., SARDesign Target (< FCC SAR limit) for Sub-6 GHz radio and PDpesign Target (< FCC PD limit)
for mmW radio. The SAR Characterization and PD Characterization are denoted as SAR Char and PD Char.

SAR Char and PD Char will be used as input for Samsung S.LSI TAS to operate. Both SAR Char and PD Char will
be loaded and stored in the EUT’s software.

The EUT supports WLAN/BT radio(s) as well, but the WLAN/BT modem is not enabled with Samsung’s S.LSI TAS
feature.

4. SAR Characterization

SAR Char is generated to cover all radio configurations and usage scenarios that are reported in the initial FCC
submission.

4.1. Worst-case SAR Determination

Based on FCC KDBs, in general, for a smartphone, the SAR evaluation is required for the exposure scenarios shown
in Figure 4-1.

Head: Head:
v right cheek (RC),
v left cheek (LC),

v right tilt (RT), 7
v lefttilt (LT) \
BOdy: éody:

v front,
v Back
st

Hotspot and hand: ¢
Hotspot and hand
v $1 (front),

v S2 (back),
v S3 (left),
v S4 (right),
v
4

6 o
“ \/\;
S6 (bottom)

Figure 4-1: SAR evaluation for smartphone application

S5 (top),
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The Device/Radio State Index (D/RSI) used in Figure 3-2 represents each exposure scenario. Depending on the
detection scheme implemented in the smartphone, the worst-case SAR is further grouped and determined for each
or combined exposure scenario(s). Note, for the 1-g SAR versus 10-g SAR exposure scenario, the worst-case is
determined in term of exposure ratio (i.e., exposure level relative to the corresponding 1-g or 10-g SAR limit).

= If the device does not have any detection mechanism, then the worst-case SAR is determined by taking the
maximum SAR value among all exposure scenarios, i.e., worst-case SAR = max {SARnead, SARbody/extremity,
SARhotspot}

= |f the device can distinguish each of the above scenarios, then the worst-case SAR for each individual
exposure scenario is given by corresponding SARnead, SARbodyrextremity, aNd SARhotspot

= If the device can only distinguish a subset of the scenarios, then the worst-case SAR is given by:
o Corresponding SAR for each exposure scenario that can be distinguished (D/RSI=yes)
o Worst-case SAR among all other exposure scenario(s) that cannot be distinguished (D/RSI=no)

4.2. Usage Scenarios in SAR Evaluation

The EUT has a detection mechanism to distinguish Head, Body-worn, Hotspot, and Extremity exposure conditions,
which is represented using D/RSI 1 — 7; within this report, D/RSIs will be referred to as Indices 1 — 6. These Indices
states were used to determine the power limit for S.LSI TAS to operate; where the exposure scenario is managed as
same Indices state, all other exposures which cannot be distinguished, in this particular instance and based on the
worst-case SAR determination criteria described in §2.1, the maximum SAR (or the minimum Pimi) among all
remaining exposure scenarios (i.e., Body-worn 1-g SAR evaluation at a specified test separation distance, phablet
extremity 10-g SAR evaluation at a specified test separation distance, and maximum RF tune-up power (Pmax)
supported by the device if SAR measurement is not performed for this tech/band/antenna because of meeting SAR
test exclusion criteria) is used to determine the power limit for S.LSI TAS to operate.

The corresponding usage scenarios supported by EUT are summarized in Table 4-1:

Table 4-1: Usage/Exposure Scenario

. INDICES — s Worst-case
Scenario State Description SAR Definition SAR
Index 2 = Device positioned next to head SARhead = Max {SARLc,

Head = 1-g SAR evaluated in four SARhead

Index 3 positions (leftiright touch/tilt) SAR.T, SARRc, SARRT}

= Device transmits in Hotspot
mode and assumed to be
located next to human body

= 1-g SAR s evaluated for all six
surfaces of the EUT (S1-S6 as
shown in Figure 3-1) at 10 mm
test separation distance relative
to the flat phantom

SARnotspot = max {SARsz,
SARSZ, SARSS, SAR34, SARhotspot
SARss, SARss}

Hotspot Index 4

= Device is held with/in hand

= 10-g SAR is evaluated for all six
Extremity Index 5 surfaces of the EUT against the
flat phantom with 0 mm test
separation distance

SARhand index=4 = Max {SARsl
Index=4, SARSZ Index=4, SARS3
Index=4, SAR54 Index=4, SARSS
Index=4, SARSG Index:4}

SARnhand

= Device state is either body-worn
= 1-g SAR evaluated at the back
Body- Index 5 and front of the EUT with 10 mm | SARbody/extremity = SARst,
worn Index 6 test separation distance relative | SARs2

to the flat phantom for body-worn
exposure

SAR = max
{SARbody/extremity}
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4.3. SARDeSign Target

The total device design and related uncertainties of the EUT is shown below (in dB), which includes TXxAGC and
device to device variation.

To account for the total uncertainty, SARpesign Target N€€dS t0 be:

—total uncertainty
SARDesig[z Target < SARTegulatorylimit X 10 10

For the FCC SAR requirement of 1.6 W/kg and 4.0 W/kg, 1-g and 10-g SAR respectively, the SARDesign Target fOr the
EUT is determined as:
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ead Head Y =0y Body Extremity oeect Hotspot Total Uncertainty
Antenna Technology Vode Pmax (index 1) ndex 2 5”(‘;\'&; | AR W) |19 S”f\';;g ot | SARmgntaot {SAR, L (WIKG) | SARbeig i (WikD) ndex 4 5”(“;;&)* 9% | SAR eagn it (WIKG) (@8)
ANT 1 GSM 850 GMSK 1 Slot 32.3 26.5 0.760 1.0 34.2 0.760 1.900 1.0 2.5 335 0.640 0.84 1.2
ANT 1 GSM 850 GPRS 1 Slot 323 26.5 0.760 1.0 34.2 0.760 1.900 1.0 2.5 33.5 0.640 0.84 1.2
ANT 1 GSM 850 GPRS 2 Slots 31.3 23.7 0.790 1.0 31.2 0.790 1.975 1.0 2.5 30.5 0.680 0.86 1.0
ANT 1 GSM 850 GRPS 3 Slots 30.3 21.9 0.790 1.0 29.4 0.790 1.975 1.0 2.5 28.7 0.680 0.86 1.0
ANT 1 GSM 850 GPRS 4 Slots 29.3 20.7 0.790 1.0 28.2 0.790 1.975 1.0 2.5 27.5 0.680 0.86 1.0
ANT 1 GSM 850 EGPRS 1 Slot 26.3 26.7 0.790 1.0 34.2 0.790 1.975 1.0 2.5 33.5 0.680 0.86 1.0
ANT 1 GSM 850 EGPRS 2 Slots 25.3 23.7 0.790 1.0 31.2 0.790 1.975 1.0 2.5 30.5 0.680 0.86 1.0
ANT 1 GSM 850 EGPRS 3 Slots 243 21.9 0.790 1.0 29.4 0.790 1.975 1.0 2.5 28.7 0.680 0.86 1.0
ANT 1 GSM 850 EGPRS 4 Slots 23.3 20.7 0.790 1.0 28.2 0.790 1.975 1.0 2.5 27.5 0.680 0.86 1.0
ANT 0 GSM 850 GMSK 1 Slot 325 385 0.790 1.0 34.1 0.790 1.975 1.0 25 334 0.680 0.86 1.0
ANT O GSM 850 GPRS 1 Slot 32.5 38.5 0.790 1.0 34.1 0.790 1.975 1.0 2.5 33.4 0.680 0.86 1.0
ANT O GSM 850 GPRS 2 Slots 31.5 35.5 0.830 1.0 30.5 0.830 2.075 1.0 2.5 28.8 0.710 0.85 0.8
ANT O GSM 850 GRPS 3 Slots 30.5 33.7 0.830 1.0 29.2 0.830 2.075 1.0 2.5 28.5 0.710 0.85 0.8
ANT O GSM 850 GPRS 4 Slots 29.5 32.5 0.830 1.0 27.9 0.830 2.075 1.0 2.5 27.2 0.710 0.85 0.8
ANT 0 GSM 850 EGPRS 1 Slot 26.5 38.5 0.830 1.0 34.1 0.830 2.075 1.0 2.5 33.4 0.710 0.85 0.8
ANT O GSM 850 EGPRS 2 Slots 25.5 35.5 0.830 1.0 31.1 0.830 2.075 1.0 2.5 30.4 0.710 0.85 0.8
ANT 0 GSM 850 EGPRS 3 Slots 24.5 33.7 0.830 1.0 29.3 0.830 2.075 1.0 2.5 28.6 0.710 0.85 0.8
ANT O GSM 850 EGPRS 4 Slots 23.5 32.5 0.830 1.0 28.1 0.830 2.075 1.0 2.5 27.4 0.710 0.85 0.8
ANT 0 GSM 1900 GMSK 1 Slot 29.4 43.1 0.790 1.0 28.3 0.790 1.975 1.0 25 24.4 0.680 0.86 1.0
ANT 0 GSM 1900 GPRS 1 Slot 29.4 43.1 0.790 1.0 28.3 0.790 1.975 1.0 2.5 24.4 0.680 0.86 1.0
ANT O GSM 1900 GPRS 2 Slots 27.9 40.1 0.790 1.0 25.3 0.790 1.975 1.0 2.5 21.4 0.680 0.86 1.0
ANT 0 GSM 1900 GRPS 3 Slots 27.4 38.3 0.790 1.0 23.5 0.790 1.975 1.0 2.5 19.6 0.680 0.86 1.0
ANT O GSM 1900 GPRS 4 Slots 26.4 37.1 0.790 1.0 22.3 0.790 1.975 1.0 2.5 18.4 0.680 0.86 1.0
ANT 0 GSM 1900 EGPRS 1 Slot 25.4 43.1 0.790 1.0 28.3 0.790 1.975 1.0 2.5 24.4 0.680 0.86 1.0
ANT O GSM 1900 EGPRS 2 Slots 24.4 40.1 0.790 1.0 25.3 0.790 1.975 1.0 2.5 21.4 0.680 0.86 1.0
ANT 0 GSM 1900 EGPRS 3 Slots 23.4 38.3 0.790 1.0 23.5 0.790 1.975 1.0 2.5 19.6 0.680 0.86 1.0
ANT O GSM 1900 EGP&S 4 Slots 2_2.4 3_7.1 0.790 1.0 22.3 0.790 1.975 1.0 2.5 18.4 0.6_80 0.8_6 1.0
ANT 2 GSM 1900 GMSK 1 Slot 29.5 35.5 0.810 1.0 32.3 0.810 2.025 1.0 25 31.6 0.690 0.85 0.9
ANT 2 GSM 1900 GPRS 1 Slot 29.5 35.5 0.810 1.0 32.3 0.810 2.025 1.0 2.5 31.6 0.690 0.85 0.9
ANT 2 GSM 1900 GPRS 2 Slots 28.0 325 0.810 1.0 29.3 0.810 2.025 1.0 2.5 28.6 0.690 0.85 0.9
ANT 2 GSM 1900 GRPS 3 Slots 27.5 30.7 0.810 1.0 27.5 0.810 2.025 1.0 2.5 26.8 0.690 0.85 0.9
ANT 2 GSM 1900 GPRS 4 Slots 26.5 29.5 0.810 1.0 26.3 0.810 2.025 1.0 2.5 25.6 0.690 0.85 0.9
ANT 2 GSM 1900 EGPRS 1 Slot 25.5 35.5 0.810 1.0 32.3 0.810 2.025 1.0 2.5 31.6 0.690 0.85 0.9
ANT 2 GSM 1900 EGPRS 2 Slots 245 325 0.810 1.0 29.3 0.810 2.025 1.0 2.5 28.6 0.690 0.85 0.9
ANT 2 GSM 1900 EGPRS 3 Slots 23.5 30.7 0.810 1.0 27.5 0.810 2.025 1.0 2.5 26.8 0.690 0.85 0.9
ANT 2 GSM 1900 EGPRS 4 Slots 22.5 29.5 0.810 1.0 26.3 0.810 2.025 1.0 2.5 25.6 0.690 0.85 0.9
ANT O ‘W-CDMA B5 R99 243 27.4 0.760 1.0 23.6 0.760 1.900 1.0 25 229 0.640 0.84 1.2
ANT O ‘W-CDMA B5 HSDPA 24.3 27.4 0.760 1.0 23.6 0.760 1.900 1.0 2.5 229 0.640 0.84 1.2
ANT 0 ‘W-CDMA B5 HSUPA 24.3 27.4 0.760 1.0 23.6 0.760 1.900 1.0 2.5 229 0.640 0.84 1.2
ANT O ‘W-CDMA B5 DC-HSDPA 24.3 27.4 0.760 1.0 23.6 0.760 1.900 1.0 2.5 22.9 0.640 0.84 1.2
ANT 1 ‘W-CDMA B5 R99 24.1 20.9 0.720 1.0 26.4 0.720 1.800 1.0 25 24.1 0.620 0.86 14
ANT 1 ‘W-CDMA B5 HSDPA 24.1 20.9 0.720 1.0 26.4 0.720 1.800 1.0 2.5 24.1 0.620 0.86 1.4
ANT 1 ‘W-CDMA B5 HSUPA 24.1 20.9 0.720 1.0 26.4 0.720 1.800 1.0 2.5 24.1 0.620 0.86 1.4
ANT 1 ‘W-CDMA B5 DC-HSDPA 24.1 20.9 0.720 1.0 26.4 0.720 1.800 1.0 2.5 24.1 0.620 0.86 1.4
ANT 0 ‘W-CDMA B4 R99 238 333 0.680 1.0 18.8 0.680 1.700 1.0 25 16.3 0.570 0.84 1.7
ANT O ‘W-CDMA B4 HSDPA 23.8 33.3 0.680 1.0 18.8 0.680 1.700 1.0 2.5 16.3 0.570 0.84 1.7
ANT 0 ‘W-CDMA B4 HSUPA 23.8 33.3 0.680 1.0 18.8 0.680 1.700 1.0 2.5 16.3 0.570 0.84 1.7
ANT O ‘W-CDMA B4 DC'FEDPA 23.8 33.3 0.680 1.0 18.8 0.680 1.700 1.0 2.5 16.3 0.570 0.8_4 1.7
ANT 2 ‘W-CDMA B4 R99 24.0 28.8 0.710 1.0 223 0.710 1.775 1.0 2.5 21.6 0.600 0.85 15
ANT 2 ‘W-CDMA B4 HSDPA 24.0 28.8 0.710 1.0 22.3 0.710 1.775 1.0 2.5 21.6 0.600 0.85 15
ANT 2 ‘W-CDMA B4 HSUPA 24.0 28.8 0.710 1.0 22.3 0.710 1.775 1.0 2.5 216 0.600 0.85 15
ANT 2 ‘W-CDMA B4 DC-HSDPA 24.0 28.8 0.710 1.0 22.3 0.710 1.775 1.0 2.5 21.6 0.600 0.85 15
ANT 0 ‘W-CDMA B2 R99 238 335 0.680 1.0 17.8 0.680 1.700 1.0 25 14.3 0.570 0.84 1.7
ANT 0 ‘W-CDMA B2 HSDPA 23.8 335 0.680 1.0 17.8 0.680 1.700 1.0 2.5 14.3 0.570 0.84 1.7
ANT O ‘W-CDMA B2 HSUPA 23.8 335 0.680 1.0 17.8 0.680 1.700 1.0 2.5 14.3 0.570 0.84 1.7
ANT 0 ‘W-CDMA B2 DC-HSDPA 23.8 33.5 0.680 1.0 17.8 0.680 1.700 1.0 2.5 14.3 0.570 0.84 1.7
ANT 2 ‘W-CDMA B2 R99 24.0 26.7 0.710 1.0 22.1 0.710 1.775 1.0 25 214 0.600 0.85 15
ANT 2 ‘W-CDMA B2 HSDPA 24.0 26.7 0.710 1.0 22.1 0.710 1.775 1.0 2.5 21.4 0.600 0.85 15
ANT 2 ‘W-CDMA B2 HSUPA 24.0 26.7 0.710 1.0 22.1 0.710 1.775 1.0 2.5 21.4 0.600 0.85 1.5
ANT 2 ‘W-CDMA B2 DC-HSDPA 24.0 26.7 0.710 1.0 22.1 0.710 1.775 1.0 2.5 214 0.600 0.85 15
ANT O LTEBand 71 PC3 243 295 0.850 1.0 28.0 0.850 2.125 1.0 25 256 0.720 0.65 0.7
ANT 1 LTE Band 71 PC3 24.1 225 0.810 1.0 29.6 0.810 2.025 1.0 25 275 0.690 0.85 0.9
ANT O LTE Band 12/17 PC3 243 29.9 0.850 1.0 26.4 0.850 2.125 1.0 25 25.7 0.720 0.85 0.7
ANT 1 LTE Band 12/17 PC3 24.1 211 0.810 10 28.3 0.810 2.025 1.0 25 275 0.690 0.85 0.9
ANT O LTE Band 13 PC3 243 28.7 0.850 10 25.0 0.850 2.125 1.0 25 24.1 0.720 0.85 0.7
ANT 1 LTE Band 13 PC3 24.1 215 0.810 1.0 27.9 0.810 2.025 1.0 2.5 27.1 0.690 0.85 0.9
ANT 0 LTE Band 14 PC3 243 28.3 0.850 1.0 25.6 0.850 2.125 1.0 25 24.8 0.720 0.85 0.7
ANT 1 LTE Band 14 PC3 24.1 22.0 0.810 1.0 26.6 0.810 2.025 1.0 2.5 25.9 0.690 0.85 0.9
ANT O LTE Band 26/5 PC3 243 275 0.850 1.0 235 0.850 2.125 1.0 25 228 0.720 0.85 0.7
ANT 1 LTE Band 26/5 PC3 24.1 21.0 0.810 1.0 27.7 O.BLO 2.(25 1.0 2.5 27.0 0.690 0.8_5 0.9
ANT 0 LTE Band 66/4 PC3 239 324 0.780 1.0 16.9 0.780 1.950 1.0 2.5 16.2 0.660 0.85 1.1
ANT 1 LTE Band 66/4 PC3 24.0 16.9 0.790 1.0 34.0 0.790 1.975 1.0 2.5 33.0 0.680 0.86 1.0
ANT 2 LTE Band 66/4 PC3 24.0 28.6 0.790 1.0 23.6 0.790 1.975 1.0 2.5 229 0.680 0.86 1.0
ANT 5 LTE Band 66/4 PC3 23.5 18.7 0.780 1.0 23.1 0.780 1.950 1.0 2.5 21.4 0.660 0.85 1.1
ANT 0 LTE Band 25/2 PC3 239 35.6 0.780 1.0 16.6 0.780 1.950 1.0 25 15.9 0.660 0.85 1.1
ANT 1 LTE Band 25/2 PC3 24.0 15.5 0.790 1.0 23.7 0.790 1.975 1.0 2.5 21.0 0.680 0.86 1.0
ANT 2 LTE Band 25/2 PC3 24.0 26.9 0.790 1.0 22.2 0.790 1.975 1.0 2.5 215 0.680 0.86 1.0
ANT 5 LTE Band 25/2 PC3 23.5 18.7 0.780 1.0 28.3 0.780 1.950 1.0 2.5 25.1 0.660 0.85 1.1
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Head Body Extremity B Hotspot n
Antenna Technology Mode Pmax (Index 1) Index 2 SARDesign Target SARoes Hear:l (Wikg) Index 5 SARopesign Target SARopesign Target SARG. Body (Wikg) SARD,E)-(Ve-"“y(WIkg) Index 4 SARDusign Tamet SAR., HMSP_O‘(WIkg) G L(l;c;nalmy
Wikg) ign Limit (Wikg) (Wikg) sign Limit sign Limit Wikg) esign Limit
ANT 0 LTE Band 30 PC3 23.8 33.2 0.790 10 19.2 0.790 1.975 10 2.5 185 0.680 0.86 10
ANT 2 LTE Band 30 PC3 24.0 27.1 0.810 1.0 20.3 0.810 2.025 1.0 25 19.6 0.690 0.85 0.9
ANT 0 LTE Band 7 PC3 23.9 36.1 0.790 1.0 20.4 0.790 1.975 1.0 2.5 18.4 0.6-80 0.86 1.0
ANT 2 LTE Band 7 PC3 24.1 24.1 0.810 10 225 0.810 2.025 10 2.5 205 0.690 0.85 0.9
ANT O LTE Band 41/38 PC3 25.9 38.9 0.790 1.0 25.4 0.790 1.975 1.0 25 21.5 0.680 0.86 1.0
ANT O LTE Band 41/38 PC2 29.4 40.5 0.790 1.0 27.0 0.790 1.975 1.0 25 23.1 0.680 0.86 10
ANT 2 LTE Band 41/38 PC3 26.1 28.0 0.810 10 26.7 0.810 2.025 10 2.5 22.6 0.690 0.85 0.9
ANT 2 LTE Band 41/38 PC2 29.6 29.6 0.810 1.0 28.3 0.810 2.025 1.0 25 24.2 0.690 0.85 0.9
ANT 6 LTE Band 48 PC3 24.1 30.2 0.790 1.0 24.2 0.790 1.975 1.0 25 235 0.680 0.86 1.0
ANT 7 LTE Band 48 PC3 24.8 30.7 0.790 1.0 24.0 0.790 1.975 1.0 2.5 233 0.680 0.86 1.0
ANT O NRn71 PC3 24.3 30.1 0.850 1.0 27.5 0.850 2.125 1.0 2.5 25.8 0.720 0.85 0.7
ANT 1 NRn71 PC3 24.1 23.8 0.810 10 27.3 0.810 2.025 1.0 25 26.6 0.690 0.85 0.9
ANT O NR n12 PC3 24.3 28.9 0.850 1.0 28.8 0.850 2.125 1.0 25 25.8 0.720 0.85 0.7
ANT 1 NR n12 PC3 24.1 22.8 0.810 1.0 26.0 0.810 2.025 1.0 25 25.3 0.690 0.85 0.9
ANT O NR 14 PC3 243 250 0.850 10 254 0.850 2125 1.0 25 247 0.720 0.85 0.7
ANT 1 NR n14 PC3 24.1 22.7 0.810 10 25.8 0.810 2.025 10 2.5 251 0.690 0.85 0.9
ANT O NR n26/5 PC3 24.3 28.5 0.850 1.0 25.1 0.850 2.125 1.0 25 24.4 0.720 0.85 0.7
ANT 1 NR n26/5 PC3 24.1 21.1 0.810 1.0 26.4 0.810 2.025 1.0 25 25.7 0.690 0.85 0.9
ANT O NR n70 PC3 24.1 34.2 0.810 1.0 18.1 0.810 2.025 1.0 25 17.4 0.690 0.85 0.9
ANT 2 NRn70 PC3 24.2 30.3 0.830 1.0 237 0.830 2.075 1.0 2.5 23.0 0.710 0.85 0.8
ANT O NR n66 PC3 23.9 35.1 0.780 1.0 18.7 0.780 1.950 1.0 2.5 17.7 0.660 0.85 11
ANT 1 NR n66 PC3 24.0 22.0 0.790 10 27.4 0.790 1.975 1.0 2.5 26.7 0.680 0.86 10
ANT 2 NR n66 PC3 24.0 29.3 0.790 1.0 26.5 0.790 1.975 10 25 22.8 0.680 0.86 10
ANT 5 NR n66 PC3 235 18.1 0.780 10 23.1 0.780 1.950 1.0 25 212 0.660 0.85 11
ANT O NR n25/2 PC3 23.9 34.1 0.780 1.0 19.9 0.780 1.950 1.0 25 17.0 0.660 0.85 1.1
ANT 1 NR n25/2 PC3 24.0 16.2 0.790 1.0 22.8 0.790 1.975 1.0 25 22.1 0.680 0.86 1.0
ANT 2 NR n25/2 PC3 24.0 275 0.790 10 22.7 0.790 1.975 10 2.5 22.0 0.680 0.86 10
ANT 5 NR n25/2 PC3 23.5 18.8 0.780 1.0 23.5 0.780 1.950 1.0 25 22.8 0.660 0.85 11
ANT O NR n30 PC3 23.8 32.8 0.790 1.0 19.0 0.790 1.975 1.0 2.5 18.3 0‘6-80 0.86 1.0
ANT 2 NR n30 PC3 24.0 26.2 0.810 10 217 0.810 2.025 10 2.5 21.0 0.690 0.85 0.9
ANT O NR n7 PC3 23.9 34.7 0.790 1.0 22.3 0.790 1.975 1.0 25 19.5 0.680 0.86 1.0
ANT 2 NR n7 PC3 24.1 23.8 0.810 1.0 21.3 0.810 2.025 1.0 25 20.6 0.690 0.85 0.9
ANT O NR n41/38 PC3 23.9 35.2 0.790 1.0 21.0 0.790 1.975 1.0 25 19.4 0.680 0.86 1.0
ANTO NR n41 PC2 28.8 38.2 0.790 1.0 24.0 0.790 1.975 10 25 224 0.680 0.86 10
ANT 0 NR n41 PC1P5 318 412 0.790 10 27.0 0.790 1975 1.0 25 254 0.680 0.86 10
ANT 1 NR n41/38 PC3 241 18.3 0.810 1.0 26.5 0.810 2.025 10 25 25.0 0.690 0.85 0.9
ANT 1 NR n41 PC2 29.0 213 0.810 10 29.5 0.810 2.025 1.0 25 28.0 0.690 0.85 0.9
ANT 1 NR n41 PC1P5 32.0 243 0.810 1.0 325 0.810 2.025 10 25 31.0 0.690 0.85 0.9
ANT 2 NR n41/38 PC3 24.1 23.7 0.810 10 21.7 0.810 2.025 1.0 25 20.2 0.690 0.85 0.9
ANT 2 NR n41 PC2 29.0 26.7 0.810 1.0 247 0.810 2.025 10 25 232 0.690 0.85 0.9
ANT 2 NR n41 PC1P5 32.0 29.7 0.810 10 271.7 0.810 2.025 1.0 25 26.2 0.690 0.85 0.9
ANT 5 NR n41/38 PC3 239 177 0.790 1.0 239 0.790 1.975 10 25 232 0.680 0.86 10
ANT 5 NR n41 PC2 28.8 20.7 0.790 10 26.9 0.790 1975 1.0 25 26.2 0.680 0.86 10
ANT 5 NR n41 PC1P5 318 23.7 0.790 1.0 29.9 0.790 1.975 1.0 25 29.2 0.680 0.86 1.0
ANT 1 NR n48 PC3 22.1 18.3 0.790 1.0 25.4 0.790 1.975 1.0 2.5 23.3 0.680 0.86 1.0
ANT 5 NR n48 PC3 229 18.0 0.790 10 27.0 0.790 1.975 10 2.5 245 0.680 0.86 10
ANT 6 NR n48 PC3 22.1 28.4 0.790 1.0 23.2 0.790 1.975 1.0 25 22.4 0.680 0.86 1.0
ANT 7 NR n48 PC3 229 275 0.790 10 22.5 0.790 1.975 10 2.5 21.6 0.680 0.86 10
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Head Body Extremity B Hotspot "
Antenna Technology Mode Pmax (Index 1) Index 2 SARDesign Target SAR, Heac.l (Wikg) Index 5 SARpesign Target SARopesign Target SARG. Body (Wikg) SARD,E)-me-mly(Wlkg) Index 4 SARDasign Tamget SAR, %D_O‘(Wlkg) W L('r(;t;rtalmy
Wikg) esign Limit (Wikg) (Wikg) sign Limit sign Linit (Wikg) esign Limit
ANT 1 NRn77/78 (Block A) PC3 24.0 16.2 0.790 10 25.2 0.790 1.975 1.0 2.5 23.3 0.680 0.86 1.0
ANT 1 NRn77/78 (Block A) PC2 28.0 19.2 0.790 1.0 28.2 0.790 1.975 1.0 25 275 0.680 0.86 1.0
ANT 1 NRn77/78 (Block A) PC1P5 31.0 222 0.790 10 31.2 0.790 1.975 1.0 2.5 30.5 0.680 0.86 1.0
ANT 1 NR n77/78 (Block B) PC3 24.0 16.2 0.790 1.0 25.2 0.790 1.975 1.0 25 233 0.680 0.86 1.0
ANT 1 NR n77/78 (Block B) PC2 28.0 19.2 0.790 10 28.2 0.790 1.975 1.0 2.5 275 0.680 0.86 1.0
ANT 1 NR n77/78 (Block B) PC1P5 31.0 222 0.790 1.0 312 0.790 1.975 10 25 30.5 0.680 0.86 10
ANT 1 NR n77/78 (Block C) PC3 24.0 16.2 0.790 10 25.2 0.790 1.975 1.0 2.5 23.3 0.680 0.86 1.0
ANT 1 NRn77/78 (Block ©) PC2 28.0 19.2 0.790 1.0 282 0.790 1975 10 25 275 0.680 0.86 10
ANT 1 NR n77/78 (Block C) PC1P5 31.0 222 0.790 10 31.2 0.790 1975 1.0 25 30.5 0.680 0.86 10
ANT 5 NRn77/78 (Block A) PC3 23.0 18.0 0.790 1.0 249 0.790 1.975 10 25 242 0.680 0.86 10
ANT 5 NRn77/78 (Block A) PC2 27.0 21.0 0.790 10 27.9 0.790 1975 1.0 25 27.2 0.680 0.86 10
ANT 5 NRn77/78 (Block A) PC1P5 30.0 24.0 0.790 1.0 30.9 0.790 1.975 10 25 30.2 0.680 0.86 10
ANT 5 NR n77/78 (Block B) PC3 23.0 18.0 0.790 10 24.9 0.790 1975 1.0 25 24.2 0.680 0.86 10
ANT 5 NR n77/78 (Block B) PC2 27.0 21.0 0.790 1.0 279 0.790 1.975 10 25 272 0.680 0.86 10
ANT 5 NR n77/78 (Block B) PC1P5 30.0 24.0 0.790 10 30.9 0.790 1975 1.0 25 30.2 0.680 0.86 10
ANT 5 NR n77/78 (Block C) PC3 23.0 18.0 0.790 1.0 249 0.790 1.975 10 25 242 0.680 0.86 10
ANT 5 NR n77/78 (Block C) PC2 27.0 21.0 0.790 10 27.9 0.790 1975 1.0 25 27.2 0.680 0.86 10
ANT 5 NR n77/78 (Block C) PC1P5 30.0 24.0 0.790 1.0 30.9 0.790 1.975 10 25 30.2 0.680 0.86 10
ANT 6 NRn77/78 (Block A) PC3 24.0 28.9 0.790 10 21.1 0.790 1975 1.0 25 19.7 0.680 0.86 10
ANT 6 NRn77/78 (Block A) PC2 28.0 319 0.790 1.0 24.1 0.790 1.975 10 25 22.7 0.680 0.86 10
ANT 6 NR n77/78 (Block A) PC1P5 31.0 34.9 0.790 10 27.1 0.790 1975 1.0 25 25.7 0.680 0.86 10
ANT 6 NRNn77/78 (Block B) PC3 24.0 28.9 0.790 1.0 211 0.790 1.975 1.0 25 19.7 0.680 0.86 10
ANT 6 NR n77/78 (Block B) PC2 28.0 319 0.790 10 24.1 0.790 1975 1.0 25 22.7 0.680 0.86 10
ANT 6 NR n77/78 (Block B) PC1P5 31.0 34.9 0.790 1.0 27.1 0.790 1.975 10 25 25.7 0.680 0.86 10
ANT 6 NR n77/78 (Block C) PC3 24.0 28.9 0.790 10 21.1 0.790 1975 1.0 25 19.7 0.680 0.86 10
ANT 6 NR n77/78 (Block C) PC2 28.0 319 0.790 1.0 24.1 0.790 1.975 1.0 25 22.7 0.680 0.86 10
ANT 6 NR n77/78 (Block C) PC1P5 31.0 34.9 0.790 10 27.1 0.790 1975 1.0 25 25.7 0.680 0.86 10
ANT 7 NRn77/78 (Block A) PC3 23.0 28.1 0.790 1.0 19.9 0.790 1.975 1.0 2.5 19.2 0.680 0.86 10
ANT 7 NR n77/78 (Block A) PC2 27.0 31.1 0.790 1.0 22.9 0.790 1975 1.0 25 222 0.680 0.86 10
ANT 7 NRn77/78 (Block A) PC1PS 30.0 34.1 0.790 10 25.9 0.790 1.975 10 2.5 252 0.680 0.86 1.0
ANT 7 NR n77/78 (Block B) PC3 23.0 28.1 0.790 1.0 19.9 0.790 1975 1.0 25 19.2 0.680 0.86 10
ANT 7 NRNn77/78 (Block B) PC2 27.0 311 0.790 1.0 229 0.790 1.975 1.0 25 222 0.680 0.86 10
ANT 7 NR n77/78 (Block B) PC1P5 30.0 34.1 0.790 10 25.9 0.790 1.975 1.0 25 252 0.680 0.86 10
ANT 7 NR n77/78 (Block C) PC3 23.0 28.1 0.790 10 19.9 0.790 1.975 10 2.5 19.2 0.680 0.86 1.0
ANT 7 NR n77/78 (Block C) PC2 27.0 31.1 0.790 1.0 22.9 0.790 1.975 1.0 25 222 0.680 0.86 10
ANT 7 NR n77/78 (Block C) PC1PS 30.0 34.1 0.790 10 25.9 0.790 1.975 1.0 2.5 252 0.680 0.86 1.0
ANT 1 NTN S-Band NA 225 NA NA NA 22.0 0.790 1.975 1.0 2.5 NA NA NA 10
ANT 5 NTN L-Band NA 22.7 NA NA NA 25.4 0.790 1.975 1.0 2.5 NA NA NA 1.0
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4.4. SAR Characterization

Referring to the initial FCC submission, the worst-case reported SAR for each antenna/technology/band/Indices is
summarized in Table 4-2:

Table 4-2: Worst-case reported SAR

Antenna Worst-case SAR (W/kg) Nominal (dBm) + Uncertainty (dBm)
L Head Body-worn Hotspot Extremity Head Body-worn Hotspot Extremity Head Body-worn Hotspot Extremity
Index 2 Index 5 Index 4 Index 5 Index 2 Index 5 Index 4 Index 5 Index 2 Index 5 Index 4 Index 5
GSM 850 4 slots ANT 1 ANT O ANT O N/A 0.853 0.830 0.678 N/A 21.70 28.70 28.00 N/A
GSM 1900 4 slots ANT 2 ANT O ANT O ANT O 0.496 0.942 0.841 1.371 27.40 23.30 19.40 23.30
W-CDMA B2 ANT 2 ANT O ANT O ANT O 0.534 0.655 0.636 1.834 25.50 19.50 16.00 19.50
W-CDMA B4 ANT 2 ANT 2 ANT O ANT O 0.333 0.705 0.809 1.411 25.50 23.80 18.00 20.50
‘W-CDMA B5 ANT 1 ANT O ANT O N/A 0.851 0.835 0.688 N/A 22.30 24.80 24.10 N/A
LTE Band 7 ANT 2 ANT 2 ANT O N/A 0.795 0.726 0.724 N/A 25.00 23.40 19.40 N/A
LTE Band 12/17 ANT 1 ANT 0 ANT 0 N/A 0.614 0.613 0.613 N/A 22.00 25.00 25.00 N/A
LTE Band 13 ANT 1 ANT O ANT O N/A 0.861 0.845 0.807 N/A 22.40 25.00 24.80 N/A
LTE Band 14 ANT 1 ANT O ANT 0 N/A 0.845 0.741 0.741 N/A 22.90 25.00 25.00 N/A
LTE Band 25/2 ANT 1 ANT 1 ANT O N/A 0.662 0.931 0.718 N/A 16.50 24.70 17.00 N/A
LTE Band 26/5 ANT 1 ANT O ANT O N/A 0.833 0.814 0.796 N/A 21.90 24.20 23.50 N/A
LTE Band 30 ANT 2 ANT O ANT O N/A 0.529 0.646 0.773 N/A 24.90 20.20 19.50 N/A
LTE Band 41 ANT 2 ANT O ANT 2 N/A 0.402 0.716 0.839 N/A 25.00 24.90 23.50 N/A
LTE Band 48 ANT 7 ANT 6 ANT 6 N/A 0.161 0.622 0.622 N/A 23.80 23.10 23.10 N/A
LTE Band 66/4 ANT 5 ANT 5 ANT O N/A 0.782 0.865 0.826 N/A 19.80 24.20 17.30 N/A
LTE Band 71 ANT 1 ANT O ANT O N/A 0.715 0.432 0.623 N/A 23.40 25.00 25.00 N/A
NTN S-Band N/A ANT 1 N/A ANT 1 N/A 0.993 N/A 2.259 N/A 23.00 N/A 23.00
NTN L-Band N/A ANT 5 N/A ANT 5 N/A 0.306 N/A 1.166 N/A 23.70 N/A 23.70
NR n7 ANT 2 ANT O ANT O ANT O 0.495 0.883 0.743 2.461 24.70 23.30 20.50 23.30
NR n12 ANT 1 ANT 0 ANT 0O N/A 0.680 0.578 0.600 N/A 23.70 25.00 25.00 N/A
NR n14 ANT 1 ANT O ANT O N/A 0.653 0.769 0.769 N/A 23.60 25.00 25.00 N/A
NR n25/2 ANT 1 ANT O ANT O ANT O 0.798 0.942 0.758 2.296 17.20 21.00 18.10 21.00
NR n26/5 ANT 1 ANT O ANT O N/A 0.691 0.820 0.820 N/A 22.00 25.00 25.00 N/A
NR n30 ANT 2 ANT O ANT O N/A 0.616 0.781 0.837 N/A 24.90 20.00 19.30 N/A
NR n41 ANT 2 ANT 5 ANT 1 N/A 0.755 0.662 0.646 N/A 24.60 24.90 25.00 N/A
NR n48 ANT 1 ANT 7 ANT 6 N/A 0.853 0.818 0.784 N/A 19.30 23.50 23.10 N/A
NR n66 ANT 1 ANT 5 ANT 5 ANT 5 0.724 0.920 0.812 1.672 23.00 24.20 22.30 24.20
NR n70 ANT 2 ANT 2 ANT 0 N/A 0.246 0.617 0.659 N/A 25.00 24.50 18.30 N/A
NR n71 ANT 1 ANT O ANT O N/A 0.920 0.477 0.593 N/A 24.70 25.00 25.00 N/A
NR n77 (Block A) PC3 ANT 1 ANT 6 ANT 1 N/A 0.690 0.897 0.800 N/A 17.20 22.10 24.30 N/A
NR n77 (Block B) PC3 ANT 1 ANT 6 ANT 1 N/A 0.657 0.769 0.824 N/A 17.20 22.10 24.30 N/A
NR n77 (Block C) PC3 ANT 1 ANT 6 ANT 7 N/A 0.826 0.743 0.693 N/A 17.20 22.10 20.20 N/A

Using the reported SAR listed in Table 4-2, and following the procedure described in 83.1, the SAR Char of this EUT,
i.e., Pimit corresponding to SARDpesign Target, iS determined for each supported antenna/technology/band/Indices as:

For Indices= 5, Pimit is calculated based on 10-g SAR extremity evaluation at 0 mm spacing.

For Indices= 2, Pimit is calculated based on 1-g SAR head exposure evaluation.

For Indices = 4, Pimit is calculated based on Hotspot 1-g SAR evaluation at 10 mm spacing.

For Indices = 5, the worst-case SAR exposure is determined as maximum normalized SAR among body-
worn SAR (normalized, i.e., Body-worn SAR divided by the FCC 1-g SAR limit) and extremity SAR
measured at 0 mm (normalized, i.e., Extremity SAR divided by the FCC 10-g SAR limit). Therefore, the
Pimit for Indices = 5 case is calculated and given by:

e

Pjimir = min{ P, corresponding to body worn 1gSAR evaluation at 10 mm spacing,
Pjimic corresponding to 10-g SAR extremity evaluation at 0 mm spacing,
Praxmaximum RF tuneup power for the case that the SAR test is excluded}

The SAR Char is listed in Table 4-3.
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Table 4-3: SAR Characterization

Exposure Scenario Head Body-worn Hotspot Extremity
Spatial-average 19 19 19 10-g
Test Distance Duty omm 10mm 10mm omm Ppax (dBm)
Power Mode (DSI) Cycle Index 2 Index 5 Index 4 Index 5
Plimit (dBM) Piimit (dBM) Piimit (dBM) it (ABm) Piimit (dBmM) Piimit (dBM) Piimit (dBmM) Piimit (dBM)
Antenna Tech/Band
Burst Average Frame Average Burst Average Frame Average Burst Average Frame Average Burst Average Frame Average Burst Average Frame Average
GSM 850 GPRS 4 Slots | 50.0% 32.50 29.49 27.90 24.89 27.20 2419 27.90 24.89 29.50 26.49
GSM 1900 GPRS 4 Slots | 50.0% 37.10 34.09 22.30 19.29 18.40 15.39 22.30 19.29 26.40 23.39
W-CDMA B2 100.0% 33.50 33.50 17.80 17.80 14.30 14.30 17.80 17.80 23.80 23.80
W-CDMA B4 100.0% 33.30 33.30 18.80 18.80 16.30 16.30 18.80 18.80 23.80 23.80
W-CDMA B5 100.0% 27.40 27.40 23.60 23.60 22.90 22.90 23.60 23.60 24.30 24.30
LTEBand 7 100.0% 36.10 36.10 20.40 20.40 18.40 18.40 20.40 20.40 23.90 23.90
LTEBand 12/17 100.0% 29.90 29.90 26.40 26.40 25.70 25.70 26.40 26.40 24.30 24.30
LTEBand 13 100.0% 28.70 28.70 25.00 25.00 24.10 24.10 25.00 25.00 24.30 24.30
LTEBand 14 100.0% 28.30 28.30 25.60 25.60 24.80 24.80 25.60 25.60 24.30 24.30
LTEBand 25/2 100.0% 35.60 35.60 16.60 16.60 15.90 15.90 16.60 16.60 23.90 23.90
LTEBand 26/5 100.0% 27.50 27.50 23.50 23.50 22.80 22.80 23.50 23.50 24.30 24.30
LTEBand 30 100.0% 33.20 33.20 19.20 19.20 18.50 18.50 19.20 19.20 23.80 23.80
ANT 0 LTEBand 41/38 63.3% 38.90 36.91 25.40 23.41 21.50 19.51 25.40 23.41 25.90 23.91
LTEBand 66/4 100.0% 32.40 32.40 16.90 16.90 16.20 16.20 16.90 16.90 23.90 23.90
LTEBand 71 100.0% 29.50 29.50 28.00 28.00 25.60 25.60 28.00 28.00 24.30 24.30
NRn7 100.0% 34.70 34.70 22.30 22.30 19.50 19.50 22.30 22.30 23.90 23.90
NRn12 100.0% 28.90 28.90 28.80 28.80 25.80 25.80 28.80 28.80 24.30 24.30
NRn14 100.0% 29.00 29.00 25.40 25.40 24.70 24.70 25.40 25.40 24.30 24.30
NRn25/2 100.0% 34.10 34.10 19.90 19.90 17.00 17.00 19.90 19.90 23.90 23.90
NRn26/5 100.0% 28.50 28.50 25.10 25.10 24.40 24.40 25.10 25.10 24.30 24.30
NRn30 100.0% 32.80 32.80 19.00 19.00 18.30 18.30 19.00 19.00 23.80 23.80
NRn41/38 100.0% 35.20 35.20 21.00 21.00 19.40 19.40 21.00 21.00 23.90 23.90
NRn66 100.0% 35.10 35.10 18.70 18.70 17.70 17.70 18.70 18.70 23.90 23.90
NRnNn70 100.0% 34.20 34.20 18.10 18.10 17.40 17.40 18.10 18.10 24.10 24.10
NRn71 100.0% 30.10 30.10 27.50 27.50 25.80 25.80 27.50 27.50 24.30 24.30
GSM 850 GPRS 4 Slots | 50.0% 20.70 17.69 28.20 25.19 27.50 24.49 28.20 25.19 29.30 26.29
W-CDMA B5 100.0% 20.90 20.90 26.40 26.40 24.10 24.10 26.40 26.40 24.10 24.10
LTEBand 12/17 100.0% 21.10 21.10 28.30 28.30 27.50 27.50 28.30 28.30 24.10 24.10
LTEBand 13 100.0% 21.50 21.50 27.90 27.90 27.10 27.10 27.90 27.90 24.10 24.10
LTEBand 14 100.0% 22.00 22.00 26.60 26.60 25.90 25.90 26.60 26.60 24.10 24.10
LTEBand 25/2 100.0% 15.50 15.50 23.70 23.70 21.00 21.00 23.70 23.70 24.00 24.00
LTEBand 26/5 100.0% 21.00 21.00 27.70 27.70 27.00 27.00 27.70 27.70 24.10 24.10
LTEBand 66/4 100.0% 16.90 16.90 34.00 34.00 33.00 33.00 34.00 34.00 24.00 24.00
LTEBand 71 100.0% 22.50 22.50 29.60 29.60 27.50 27.50 29.60 29.60 24.10 24.10
NTN S-Band 100.0% NA NA 22.00 22.00 NA NA 22.00 22.00 22.50 22.50
NRn12 100.0% 22.80 22.80 26.00 26.00 25.30 25.30 26.00 26.00 24.10 24.10
NRn14 100.0% 22.70 22.70 25.80 25.80 25.10 25.10 25.80 25.80 24.10 24.10
ANT NRn25/2 100.0% 16.20 16.20 22.80 22.80 22.10 22.10 22.80 22.80 24.00 24.00
NR n26/5 100.0% 21.10 21.10 26.40 26.40 25.70 25.70 26.40 26.40 24.10 24.10
NRn41/38 100.0% 18.30 18.30 26.50 26.50 25.00 25.00 26.50 26.50 24.10 24.10
NRn48 100.0% 18.30 18.30 25.40 25.40 23.30 23.30 25.40 25.40 22.10 22.10
NR n66 100.0% 22.00 22.00 27.40 27.40 26.70 26.70 27.40 27.40 24.00 24.00
NRn71 100.0% 23.80 23.80 27.30 27.30 26.60 26.60 27.30 27.30 24.10 24.10
NRnN77/78 (Block A) 100.0% 16.20 16.20 25.20 25.20 23.30 23.30 25.20 25.20 24.00 24.00
NRn77/78 (Block B) 100.0% 16.20 16.20 25.20 25.20 23.30 23.30 25.20 25.20 24.00 24.00
NRn77/78 (Block C) 100.0% 16.20 16.20 25.20 25.20 23.30 23.30 25.20 25.20 24.00 24.00
NRnN77 (Block A) PC2 | 100.0% NA NA NA NA NA NA NA NA 26.00 26.00
NRnN77 (Block B) PC2 | 100.0% NA NA NA NA NA NA NA NA 26.00 26.00
NRn77 (Block C) PC2 | 100.0% NA NA NA NA NA NA NA NA 26.00 26.00
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GSM 1900 GPRS 4 Slots
W-CDMA B2 100.0% 26.70
W-CDMA B4 100.0% 28.80
LTEBand 7 100.0% 24.10
LTEBand 25/2 100.0% 26.90
LTEBand 30 100.0% 27.10
LTEBand 41/38 63.3% 28.00
ANT 2
LTEBand 66/4 100.0% 28.60
NRn7 100.0% 23.80
NRn25/2 100.0% 27.50
NRn30 100.0% 26.20
NRn41 100.0% 26.70
NR n66 100.0% 29.30
NRn70 100.0% 30.30
LTEBand 25/2 100.0% 18.70
LTEBand 66/4 100.0% 18.70
NTN L-Band 100.0% NA
NRn25/2 100.0% 18.80
NRn41 100.0% 20.70
ANT 5
NRn48 100.0% 18.00
NRn66 100.0% 18.10
NRnN77/78 (Block A) 100.0% 18.00
NRn77/78 (Block B) 100.0% 18.00
NRn77/78 (Block C) 100.0% 18.00
LTEBand 48 63.3% 30.20
NRn48 100.0% 28.40
ANT 6 NRn77/78 (Block A) 100.0% 28.90
NRn77/78 (Block B) 100.0% 28.90
NRn77/78 (Block C) 100.0% 28.90
LTEBand 48 63.3% 30.70
NRn48 100.0% 27.50
ANT 7 NRn77/78 (Block A) 100.0% 28.10
NRn77/78 (Block B) 100.0% 28.10
NRn77/78 (Block C) 100.0% 28.10
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5. Power Density Characterization

The EUT’s 5G mmW NR contains mmW antenna module(s) as shown in Figure 5-1; there is a total of 32 antenna
array configurations per band. In this chapter, a hybrid approach of using electromagnetic (EM) simulation and actual
measurements to efficiently, and conservatively, characterize the power density profile for the EUT.

52 (Back)

6 (Bottom) ¢ Plane A sub-module $3 (N‘M)

s Plane B sub module

54 (Left) E S5 (Top)

$1 (Front)

Figure 5-1: EUT with mmW antenna modules
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5.1. Exposure Scenarios in PD Evaluation

In general, for a smartphone operating at frequencies > 6 GHz, the PD is required to be assessed for all antenna
configurations (beams) from all mmW antenna modules installed inside the device. Furthermore, this PD evaluation
should be performed at low, mid, and high channels for each supported mmWw band.

For this EUT, the 4cm? spatially-averaged PD is evaluated along the surfaces (S1=front, S2=back, S3=right, S4=left,

S5=top, and S6=bottom as shown in Figure 5-2) and the worst-case PD is determined by taking the maximum PD
among all the evaluated surfaces for each beam/band.

Tobal

S2

Figure 5-2: EUT surface definition

5.2. PD Characterization Overview
Parameters used in PD Characterization:

= The EUT supports a total of 21 beams per band, where 14 beams are single beams (SISO) and 7 are beam
pairs (MIMO) where 2 single beams are excited at the same time.

=  PDpesign Target: The design target for PD compliance as defined in the summary report. It should be less than
the FCC PD limit to account for all device design related uncertainties.

= Pimitt For a PD characterized wireless device, the input power level at antenna port(s) for each beam
corresponding to PD_design_target.

= PD Characterization: The table that contains the Pimit fed to antenna port(s) for all supported beams.

Figure 5-3 outlines the PD Char process.
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(e . . . .
Simulation modeling and validation
e Correlate the simulated PD distributions with measured PD
distribution for the selected beams to validate simulation model

-
Uncertainty Budget
e Calculate the total device design uncertainty to include worst
case RF tune-up accuracy and device-to-device variation

‘/PD_design_target
Specify a power density design target, which should be less than
power density regulatory limit to account for the total device design
uncertainties

(< . . R
Worst-case housing material Influence Quantification
e Determine

Amin = min{simulated PD@reference_power — measured PD@reference_power}

\to guantify the worst-case housing influence

/PD Char Generation
e Use validated simulation approach to determine input power
limit for all the beams after accounting for the worst-case
housing influence

Figure 5-3 High level flow chart for power density characterization

5.3. EUT Codebook

In general, all the beams that the smartphone supports are specified in the pre-defined codebook. The codebook is
device design specific and generated after evaluating radiation coverage from this specific device.

Table 5-1 shows all the beams and their relevant information.

The PD evaluation needs to be performed for all the beams listed in Table 5-1.
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Table 5-1: EUT Codebook

n258 n260 n261
Polarity |Beam ID 1|Beam ID 2 lelg:l:l Ele#:noefnts Polarity |Beam ID 1|Beam ID 2 M;i:l:/ Eeioefnts Polarity |Beam ID 1|Beam ID 2 MF?Iilvj'nI:/ Ele‘:lfnts
N/A 0 A-Plane 4 N/A 0 A-Plane 4 N/A 0 A-Plane 4
N/A 1 A-Plane 4 N/A 1 A-Plane 4 N/A 1 A-Plane 4
N/A 2 A-Plane 4 N/A 2 A-Plane 4 N/A 2 A-Plane 4
H N/A 3 A-Plane 4 H N/A 3 A-Plane 4 H N/A 3 A-Plane 4
N/A 4 A-Plane 4 N/A 4 A-Plane 4 N/A 4 A-Plane 4
N/A 5 A-Plane 4 N/A 5 A-Plane 4 N/A 5 A-Plane 4
N/A 6 A-Plane 4 N/A 6 A-Plane 4 N/A 6 A-Plane 4
0 N/A A-Plane 4 0 N/A A-Plane 4 0 N/A A-Plane 4
1 N/A A-Plane 4 1 N/A A-Plane 4 1 N/A A-Plane 4
2 N/A A-Plane 4 2 N/A A-Plane 4 2 N/A A-Plane 4
A% 3 N/A A-Plane 4 Vv 3 N/A A-Plane 4 \ 3 N/A A-Plane 4
4 N/A A-Plane 4 4 N/A A-Plane 4 4 N/A A-Plane 4
5 N/A A-Plane 4 5 N/A A-Plane 4 5 N/A A-Plane 4
6 N/A A-Plane 4 6 N/A A-Plane 4 6 N/A A-Plane 4
0 0 A-Plane 8 0 0 A-Plane 8 0 0 A-Plane 8
1 1 A-Plane 8 1 1 A-Plane 8 1 1 A-Plane 8
2 2 A-Plane 8 2 2 A-Plane 8 2 2 A-Plane 8
H+V 3 3 A-Plane 8 H+V 3 3 A-Plane 8 H+V 3 3 A-Plane 8
4 4 A-Plane 8 4 4 A-Plane 8 4 4 A-Plane 8
5 5 A-Plane 8 5 5 A-Plane 8 5 5 A-Plane 8
6 6 A-Plane 8 6 6 A-Plane 8 6 6 A-Plane 8
N/A 0 B-Plane 4 N/A 0 B-Plane 4 N/A 0 B-Plane 4
N/A 1 B-Plane 4 N/A 1 B-Plane 4 N/A 1 B-Plane 4
N/A 2 B-Plane 4 N/A 2 B-Plane 4 N/A 2 B-Plane 4
H N/A 3 B-Plane 4 H N/A 3 B-Plane 4 H N/A 3 B-Plane 4
N/A 4 B-Plane 4 N/A 4 B-Plane 4 N/A 4 B-Plane 4
N/A 5 B-Plane 4 N/A 5 B-Plane 4 N/A 5 B-Plane 4
N/A 6 B-Plane 4 N/A 6 B-Plane 4 N/A 6 B-Plane 4
0 N/A B-Plane 4 0 N/A B-Plane 4 0 N/A B-Plane 4
1 N/A B-Plane 4 1 N/A B-Plane 4 1 N/A B-Plane 4
2 N/A B-Plane 4 2 N/A B-Plane 4 2 N/A B-Plane 4
\% 3 N/A B-Plane 4 \2 3 N/A B-Plane 4 \ 3 N/A B-Plane 4
4 N/A B-Plane 4 4 N/A B-Plane 4 4 N/A B-Plane 4
5 N/A B-Plane 4 5 N/A B-Plane 4 5 N/A B-Plane 4
6 N/A B-Plane 4 6 N/A B-Plane 4 6 N/A B-Plane 4
0 0 B-Plane 8 0 0 B-Plane 8 0 0 B-Plane 8
1 1 B-Plane 8 1 1 B-Plane 8 1 1 B-Plane 8
2 2 B-Plane 8 2 2 B-Plane 8 2 2 B-Plane 8
H+V 3 3 B-Plane 8 H+V B 3 B-Plane 8 H+V 3 3 B-Plane 8
4 4 B-Plane 8 4 4 B-Plane 8 4 4 B-Plane 8
5 5 B-Plane 8 5 5 B-Plane 8 5 5 B-Plane 8
6 6 B-Plane 8 6 6 B-Plane 8 6 6 B-Plane 8

5.4. Simulation and modeling validation

5.4.1. Modeling for Simulation

Device modeling is described in the operational description.

5.4.2. Modeling Validation

To validate modeling and simulation:

1.

Select one beam (i.e., antenna array configuration) per antenna type (dipole/patch) and per antenna
module.

Note: Since the relative phase between two single beams in a beam pair is uncontrolled and could vary
from run to run, for the validation purpose, the selection is limited to the single beam antenna array
configuration. Additionally, single beam containing a higher number of active antenna elements is
selected. For example, a single beam with four active patches should be selected over beam with a
single active patch antenna beam.

The beams selected for modeling validation are highlighted in grey in Table 5-1.

For a given input power, perform both PD simulation and PD measurement to obtain the simulated PD
distributions and measured PD distributions on the surface in front of the antenna array as well as the
surfaces that are adjacent to the antenna array as they could potentially have strong radiating energy
when considering the orientation of antenna array and type of antenna array (i.e., patch array or dipole
array).

Validate modeling and simulation by correlating the simulated PD distribution and measured PD
distribution for all antenna array configurations selected in Step 1 and for all surfaces selected in Step 2.
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The modeling validation is performed through correlating the simulated point PD distribution to measured point PD
distribution.

The difference in 4cm2-avg PD is not used for the purpose of validity of the modeling because the housing material
property (for non-metal material) used in the simulation is an approximation (note the accurate material properties
are not available at mmW frequencies). This discrepancies in PD magnitude will be used to determine the worst-
case housing influence (due to non-metal material property uncertainty) in 85.6. The worst-case housing influence
will be accounted for in PD Characterization generation for conservative RF exposure assessment, see 85.7 for
details.

Based on the selection criteria described in Step 1 and Step 2, the beams and surfaces selected for modeling
validation of the EUT are listed in Table 5-2.

Table 5-2: Beams and surfaces selection for PD correlation

Band Modulef Pol Beam ID 1 | Beam ID 2 | Surface
Plane

H N/A 5 S5 (Top)

A-Plane V 2 N/A S5 (Top)

H+V 2 2 S5 (Top)
n2s8 H N/A 4 S2 (Back)
B-Plane \% 4 N/A S2 (Back)
H+V 2 2 S2 (Back)

H N/A 2 S5 (Top)

A-Plane Vv 2 N/A S5 (Top)

1260 H+V 2 2 S5 (Top)
H N/A 3 S2 (Back)
B-Plane Vv 3 N/A S2 (Back)
H+V 3 3 S2 (Back)

H N/A 1 S5 (Top)

A-Plane vV 1 N/A S5 (Top)

261 H+V 2 2 S5 (Top)
H N/A 1 S2 (Back)
B-Plane V 2 N/A S2 (Back)
H+V 3 3 S2 (Back)

With an input power of 17.0 dBm for n258, n260, and n261, PD measurement and PD simulation are conducted for
all beams and surfaces listed in Table 5-2. Both PD measurement and PD simulation are performed at mid channel
of each mmW beam, PD measurement is conducted with CW modulation.
e PD distribution:
Please refer to the operational description.
e 4cm?-averaged PD value
Table 5-3 lists the measured 4cm?-averaged PD and simulated 4cm?-averaged PD for all selected beams

and surfaces for n258, n260, and n261. The discrepancy between simulated and measured PD value will
be used to determine worst-case housing influence for conservative assessment (see Section 4.6).
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Table 5-3: Measured and simulated 4cm? averaged PD for selected beams with 17 dBm input power

4cm? avg. PD

Module/ . 2 1

Band Plane Polarity | Beam ID 1 | Beam ID 2 | Surface (W/m") Delta

Meas. Sim

H N/A 5 S5 (Top) 7.30 9.81 1.28

A-Plane \Y 2 N/A S5 (Top) | 11.30 10.23 -0.43

258 H+V 2 2 S5 (Top) | 16.20 26.76 2.18
H N/A 4 S2 (Back)| 7.75 4.83 -2.05

B-Plane \% 4 N/A S2 (Back) 6.07 4.81 -1.01

H+V 2 2 S2 (Back)| 14.00 9.95 -1.48

H N/A 2 S5 (Top) | 13.40 6.76 -2.97

A-Plane V 2 N/A S5 (Top) 14.00 6.96 -3.04

260 H+V 2 2 S5 (Top) | 30.30 15.54 -2.90
H N/A 3 S2 (Back)| 8.84 5.05 -2.43

B-Plane \% 3 N/A S2 (Back) 7.43 5.18 -1.57

H+V 3 3 S2 Back)| 9.75 12.48 1.07

H N/A 1 S5(Top) | 6.16 7.78 1.01

A-Plane V 1 N/A S5 (Top) | 6.28 9.12 1.62

1261 H+V 2 2 S5 (Top) | 13.30 | 25.38 2.81
H N/A 1 S2 (Back) 9.41 4.07 -3.64

B-Plane \% 2 N/A S2 (Back)| 3.75 3.77 0.02

H+V 3 3 S2 (Back)| 10.60 8.88 -0.77

'Delta = Sim - Meas (dB)
5.4.3. Simulation for power density

The model is validated in 85.4.3, the PD exposure of EUT can be reliably assessed using the validated simulation
approach.

In general, all six surfaces of the EUT, as shown in Figure 4-2, should be assessed for RF exposure from the mmw
radio and the worst-case PD should be determined by:

PDuworst-case = max {PDsl, PDsz, PDs3, PDs4, PDss, PDse} (1)

where PDs1, PDs2, PDss, PDsa, PDss, PDss are the highest 4cm2-avgeraged PD on surface S1, S2, S3, S4, S5 and S6
of the device. respectively.

However, depending on the location of the mmW module and the antenna array orientation relative to the surface of
the device, one or more surface(s) can be excluded for PD calculation as the PD value(s) on the excluded surface(s)
will be undoubtedly lower when comparing to other surfaces; thus, the exclusion will have no impact for the worst-
case PD determined using Equation 1.

For this EUT, based on the location and the type of antenna array, the surface planes identified for PD evaluation to
determine the worst-case PD are selected and listed in Table 5-4.

Table 5-4: PD evaluation plane

Module/ || Front Back Left Right Top Bottom
Plane S1 S2 S3 S4 S5 S6

A-Plane Yes Yes Yes No Yes No

B-Plane Yes Yes Yes No Yes No

The EM simulation is performed to characterize PD at low, mid, and high channels for each supported band. The
simulation setup (mesh, convergence criteria, and radiation boundary settings) as described in §85.4.2, ensures the
accurate and reliable result for PD simulation on the planes identified. Both point PD and 4cm?-averaged PD
distributions on the worst surface plane (i.e., the surface having highest PD value for the beam tested) are plotted
and provided in Appendix C to show that the PD hotspots are captured in this analysis.
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5.5. PDDesign Target

To account for the total design related uncertainty, PDpesign Target N€€dS t0 be:

—total uncertainty
PDDESlgn Target < PDregulatory_limit X 10 10

With FCC’s 4cm?-averaged PD requirement of 10 W/m? and with the manufacturer’s declared device design related
uncertainty, the PDpesign Target iS determined as:

TOtaI Uncertainty PDDesign Target PDDesign Limit
(dB) (W/nf) (W/nf)
2.30 4.42 7.5

5.6. Worst-case Housing Influence Determination

For non-metal material, the material property cannot be accurately characterized at mmW frequencies to date. The
estimated material property for the device housing is used in the simulation model, which could influence the accuracy
in simulation for PD amplitude quantification. Since the housing influence on PD could vary from surface to surface
where the EM field propagates through, the most underestimated surface is used to quantify the worst-case housing
influence for conservative assessment.

Only material/housing have an impact on EM field propagation, and, in turn, impact on power density. Furthermore,
depending on the type of antenna array, i.e., dipole antenna array or patch antenna array, the nature of EM field
propagation in the near field is different. Therefore, the worst-case housing influence is determined per antenna
module and per antenna type.

For this EUT, when comparing a simulated 4cm?-avgeraged PD and measured 4 cm?-avgerated PD, the worst error
introduced for each type of antenna array and antenna module when using the estimated material property in the
simulation is accented in bold numbers in Table 5-5. Thus, the worst-case housing influence, denoted as 4,,;, =
Sim.PD — Meas.PD, is determined as:

Table 5-5: 4,,,;,, for n258, n260, and n261

Band lel‘;‘:lf/ Polarity |Amn (dB)
H 1.28
A-Plane \% -0.43
H+V 2.18
n258 H 2.05
B-Plane \Y -1.01
H+V -1.48
H -2.97
A-Plane V -3.04
H+V -2.90
n260 H 2.43
B-Plane V -1.57
H+V 1.07
H 1.01
A-Plane \Y 1.62
n261 H+V 2.81
H -3.64
B-Plane \Y 0.02
H+V -0.77

Anin Tepresents the worst case where RF exposure is underestimated the most in simulation when using the
estimated material property for glass/plastics of the housing. For conservative assessment, the 4,,,;, is used as the
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worst-case factor and applied to all the beams in the corresponding beam group to determine Piimits in PD char for
compliance (see 8§5.7.3 for details).

5.7. PD Characterization

This section describes the PD Characterization generation that complies with the PDpesign Target determined in 85.5
and complies the regulatory power density limit.

5.7.1. Scaling Factor for Single Beams

To determine the Pimit at each antenna port, perform the simulation at low, mid, and high channel for each mmw
band supported, with a given input power per active port:

1. Obtain PDsurface Value (the worst PD among all identified surfaces of the EUT) at all three channels for alll
single beams specified in the codebook of Table 5-1.

2. Derive a scaling factor at low, mid and high channel, s(0)iow _or mia_or_nign, BY:

__ PDdesigntarget

$(D1ow_or_mid_or_nigh = S PDsurrace(’ i € single beams (2)

3. Determine the worst-case scaling factor, s(i), among low, mid and high channels:
s(i) = min {slow(i),smid ), shigh(i)}, i € single beams (3)
4. Determine the simulated Pimit, sim. power;,i:, for single beam i by:

sim.powery,is dBm = 10 * loglo(s(i)) + sim. input. power. at. active.port,i € single beams

5.7.2. Scaling Factor for Beam Pairs

The relative phase between beam pair is not controlled in the modem’s design and could vary from run to run.
Therefore, for a beam pair, based on the simulation results, the worst-case scaling factor needs to be determined
mathematically to ensure compliance.

For a beam pair, extract the E-fields and H-fields from the corresponding single beams at low, mid, and high channel
for each supported band and for all identified surfaces of the EUT.

For a given beam pair containing beama and beams, and for a given channel, let relative phase between beama and
beamp = @, and the total PD of the beam pair can be expressed as:

total PD (@) = % \/Re{PDx((D)}Z + Re{PD,(®)}? + Re{PD,(0)}?

= 1 Re {(Eq + Epe®) x (H, + Hye'9) } (4)

where, PDx(@), PDy(@), and PD,(@) are the three components of the total PD (0); E, and H, are the extracted E-
fields and H-fields of beama, while E, and H,, are the extracted E-fields and H-fields of beam.

Sweep @ with a 5° step from 0° to 360° to determine the worst-case, @,,orstcases Which results in the highest
total PD (@) among all identified surfaces for this beam pair at this channel. For details on the worst case
total PD (@) derivation, see Appendix A.

Follow the above procedure to determine @,,,,s:case fOr all three channels to obtain the scaling factor given by the
equation below for low, mid, and high channels:

PD design target
total PD (B(Dworstcase)

S(i)low_or_mid_or_high = ,i € beam pairs (5)
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The @y orsicase Varies with channel and beam pair, the lowest scaling factor among all three channels, s(i), is
determined for the beam pair i:

s(@) = min{s;pu (©), Smia (D), shigh(i)}, i € beam pairs (6)
The simulated Piimit, sim. powery;,,;;, for beam pair i can be determined by:
sim.poweryy,iy dBm = 10 * loglo(s(i)) + sim. input. power. at. active.port,i € beam pairs
5.7.3. Plimit

The PD Characterization specifies the limit of input power at an antenna port that corresponds to PDpesign Target for all
beams.

Ideally, if there is no uncertainty associated with hardware design, the Pimit, denoted as Pj;,,,;; (i), for beam i can be
obtained after accounting for the housing influence (4,,;,) determined in Table 5-5 of §5.6, given by:

Pyimic () = sim.powerjmir (1) + Apin, © € all beams (7)

where Pret is the input power using in simulation; s(i) is the scaling factor obtained from Eq. (3) or Eq. (6) for beam i;
Anin IS the worst-case housing influence factor (determined in Table 5-5) for beam i.

If simulation overestimates the housing influence, then 4,,;, (= simulated PD — measured PD) is negative, which
means that the measured PD would be higher than the simulated PD. The input power to antenna elements
determined via simulation must be decreased for compliance.

Similarly, if simulation underestimates the loss, then 4,,;,, is positive (measured PD would be lower than the simulated
value). Input power to antenna elements determined via simulation can be increased and still be PD compliant.

The hardware design has uncertainty which must be properly considered. In 85.6, the TXxAGC uncertainty is
embedded in the process of 4,,;, determination. Since TxAGC uncertainty is already accounted for in PDpesign Target
(see 85.5), it needs to be removed to avoid double counting this uncertainty.
Thus, Equation 7 is modified to:

If -TXAGC uncertainty < Amin < TXAGC uncertainty,

input. power. limit(i) = sim. powerij,;: (i), i € all beams (8)

else if Amin < -TXAGC uncertainty,

input. power. limit(i) = sim.poweriyn;; (i) + (4min + TXAGC uncertainty at reference power level), i €
all beams (9)

else if Amin > TXAGC uncertainty,

input. power. limit(i) = sim. poweryni: (i) + (Amin — TXAGC uncertainty at reference power level), i €
all beams (10)
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Following the logic above, the Pimit for this EUT can be calculated using Equations (8), (9) and (10), i.e.,

Table 5-6: Pimit calculation

. . . P jimit @i
Band Module/Plane Polarity | Anin (dB) Pimit (i) Equation (("j"é'm(;)
H 1.28 sim.power_limit(i) + 0.28 13.81
A-Plane \% -0.43 sim.power_limit(i) 13.35
H+V 2.18 sim.power_limit(i) + 1.18 10.36
n258
H -2.05 sim.power_limit(i) + -1.05 12.68
B-Plane \% -1.01 sim.power_limit(i) + -0.01 13.68
H+V -1.48 sim.power_limit(i) + -0.48 9.85
H -2.97 sim.power_limit(i) + -1.97 12.75
A-Plane \% -3.04 sim.power_limit(i) + -2.04 12.17
H+V -2.90 sim.power_limit(i) + -1.9 9.40
n260
H -2.43 sim.power_limit(i) +-1.43 11.81
B-Plane \% -1.57 sim.power_limit(i) + -0.57 12.47
H+V 1.07 sim.power_limit(i) + 0.07 9.55
H 1.01 sim.power_limit(i) + 0.01 14.39
A-Plane \% 1.62 sim.power_limit(i) + 0.62 14.24
H+V 281 sim.power_limit(i) + 1.81 11.19
n261
H -3.64 sim.power_limit(i) + -2.64 11.23
B-Plane \% 0.02 sim.power_limit(i) 14.47
H+V -0.77 sim.power_limit(i) 10.75

Thus, the EUT PD Char for n258, n260, and n261 is as shown in Table 5-7.

Page 23 of 26

UL Verification Services Inc.
This report shall not be reproduced without the written approval of UL Verification Services Inc.

Doc. No.: 1.0



Report No.: 15107858-S5V1

Issue Date: 2024/04/22

Table 5-7: PD Characterization

Module/ : n258 n260 n261
Plane Polarity Beam ID1 | Beam ID 2 - Bl -
(dBm) (dBm) (dBm)
N/A 0
N/A 1
N/A 2
H N/A 3
N/A 4
N/A 5
N/A 6
0 N/A
1 N/A
2 N/A
A-Plane \% 3 N/A 10.36 9.40 11.19
4 N/A
5 N/A
6 N/A
0 0
1 1
2 2
H+V 3 3
4 4
5 5
6 6
N/A 0
N/A 1
N/A 2
H N/A 3
N/A 4
N/A 5
N/A 6
0 N/A
1 N/A
2 N/A
B-Plane \Y 3 N/A 9.85 9.55 10.75
4 N/A
5 N/A
6 N/A
0 0
1 1
2 2
H+V 3 3
4 4
5 5
6 6
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A Worst Phase Derivation for Beam Pair

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

Assuming E-field and H-field of beama are {EX_a, Ey a, EZ_a} and {HX a, Hy a, Hz_a}, respectively; E-field and H-field
of beamy are {Ex n, Ey b, Ez b} and {Hx n, Hy b, Hz v}, respectively; and the relative phase is @, for beam pair
consisting of beama and beams, the combined E- and H-fields, {EX pair_i, EY pair i, EZ_pair i} and {HX pairi, HY pair_i,
Hz_pair_i}, can be expressed as:

Ex(Q),pair,i = Exia + Ex,b X e‘f""@
Ey(@)_pair_i = Ey_a + Ey_b X e‘{‘“‘”
EZ(Q))_pair_i =E,q+E;p X e

Hx(w)_pair_i = Hx_a + Hx_b X g=I00
Hy(q))_pair_i = Hy_a + Hy_b X e_{wQ)
HZ(Q)_pair_i =H, o+ H,, X e jw?

The combined PD can then be calculated:

PDx((D)pair_i = Ey(®)_pair_i X HZ((D);airj - EZ(Q))_pair_i X Hy((b)jpair,i
PDy((Z))_pair_i = EZ((Z))_pair_i X Hx(m)jpair_i - Ex((z))_pair_i X HZ(Q))jpair_i
PDZ(Q)_pair_i = Ex(qj)_pair_i X Hy(q))jpair_i - Ey((z))_pair_i X Hx(qs)jpair_i

PD(Q) = % \/Re{PDx((Z))}_Zpair_i + Re{PDy(®)Yir ; + Re{PDz(D)Yir ;

Sweep @ from 0 degree to 360 degree to find the highest PD (out of low, mid, and high channel) and its corresponding
@, Duorstcase, TOr all the beam pairs specified in the codebook_sim. The worst-case scaling factor s(i) for beam pair
should be determined with @(i)orstcase-
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B Simulated Piimits

Table B-1 lists Pimits per channel per band for all the beams that EUT supports.

Table B-1: Simulated Piimit for n258, n260, and n261

n258 n260 n261
Module/ Polarity Beam ID1 | Beam ID2

Plane Low Mid High Low Mid High Low Mid High

N/A 0 18.64 16.52 15.17 14.99 15.55 15.32 15.19 15.23 15.31

N/A 1 15.98 14.11 14.65 15.65 15.67 15.69 14.66 14.54 14.48

N/A 2 16.10 14.49 14.87 14.89 15.15 15.04 14.84 14.60 14.38

H N/A 3 16.54 15.07 14.73 14.72 15.35 14.80 14.78 14.79 1455

N/A 4 15.91 13.72 14.61 15.90 15.46 15.10 14.65 14.63 14.42

N/A 5 15.67 13.53 14.61 16.63 15.88 15.67 14.64 14.67 14.54

N/A 6 16.07 13.84 14.72 15.53 15.69 15.26 14.76 14.86 14.73

0 N/A 16.26 15.04 14.47 15.01 15.15 15.25 14.40 1435 14.45

1 N/A 15.78 13,52 13.81 16.53 16.22 15.48 13.79 13.85 13.90

2 N/A 14.79 13.35 13.56 14.73 15.02 14.96 13.62 13.90 14.02

A-Plane Y 3 N/A 15.71 13.89 13.72 14.68 15.21 15.09 13.73 13.96 14.16

4 N/A 15.47 14.47 14.22 14.21 15.20 15.14 14.18 13.97 13.90

5 N/A 16.22 14.64 14.12 15.61 15.93 15.49 14.11 13.91 13.74

6 N/A 16.02 14.66 14.40 15.40 15.98 15.90 14.35 13.95 13.64

0 0 13.72 11.45 11.01 11.61 11.97 12.08 10.97 10.86 10.96

1 1 11.78 9.72 9.79 12.23 12.14 11.86 9.78 9.90 10.10

2 2 11.03 9.18 9.49 11.30 11.54 11.34 9.46 9.41 941

H+V 3 3 11.44 9.53 9.59 1157 11.92 11.48 9.62 9.71 9.70

4 4 11.13 9.32 9.86 11.66 11.91 11.58 9.83 9.58 9.38

5 5 11.69 9.60 9.90 12.62 12.14 12.04 9.87 9.68 9.61

6 6 11.39 9.59 10.16 12.02 12.00 12.33 10.07 9.68 9.42

N/A 0 14.36 14.24 18.66 13.84 13.71 14.23 14.11 14.26 1446

N/A 1 14.05 14.20 18.96 14.69 14.47 14.26 14.22 14.25 14.30

N/A 2 14.81 14.16 18.93 13.98 13.44 13.45 14.62 14.62 14.66

H N/A 3 14.56 14.17 18.67 13.71 13.24 13.34 14.53 1451 14.53

N/A 4 1450 13.73 18.37 13,54 13.40 14.12 14.43 14.45 14.47

N/A 5 14.70 13.79 18.60 14.43 13.73 14.00 14.04 14.22 14.40

N/A 6 14.69 13.73 18.62 1455 1457 14.70 13.87 14.01 14.14

0 N/A 1559 1541 19.65 1357 13.47 14.08 15.24 15.00 14.94

1 N/A 15.50 15.01 18.61 14.06 14.17 14.45 14.91 14.68 14.64

2 N/A 14.69 13.87 17.79 13.63 13.84 14.25 14.47 14.57 14.78

B-Plane \Y 3 N/A 14.97 14.10 17.75 13.42 13.24 13.72 15.07 15.11 15.13

4 N/A 14.96 13.69 19.21 13.95 13.69 13.80 14.97 15.13 15.33

5 N/A 15.09 14.22 18.47 13.82 13.48 13.62 15.46 15.62 15.92

6 N/A 15.59 15.41 18.71 13.76 13.04 14.12 15.24 15.00 14.94

0 0 11,54 11.20 14.33 1053 10.46 10.81 11.02 10.76 10.91

1 1 11.29 11.22 15.16 10.80 11.17 11.08 10.98 10.75 10.85

2 2 11.32 10.33 13.78 10.00 9.70 10.20 11.26 11.34 11.44

H+V 3 3 1157 10.66 13.18 9.92 9.48 953 10.96 11.14 11.40

4 4 1153 10.50 13.82 9.98 9.81 10.17 11.14 11.15 11.33

5 5 11.58 10.70 14.15 10.40 10.32 10.40 11.30 11.48 11.71

6 6 11.72 10.99 14.13 10.73 10.20 10.98 11.08 11.01 10.88

END OF REPORT
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