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Measurement Certificate / Material Test
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Item Name Head Tissue Simulating Liquid (HBBL600-10000V6)
Product No. SL AAH U16 BC (Batch: 200805-4)
Manufacturer SPEAG

Measurement Method

\TSL dielectric parameters measured using calibrated DAK probe.

Target Parameters

Target parameters as defined in the IEEE 1528 and |IEC 62209 compliance standards.

Test Condition

Ambient Condition 22°C ; 30% humidity
TSL Temperature 22°C

Test Date 6-Aug-20
Operator CL
Additional Information
TSL Density
TSL Heat-capacity
Results
: ~ |[Target  |biffito Target [%] 150
£ MHz| _6ps sigmal Aeps A-sigma 5
600 | 427 0.8 46 25
750 419 089 5.1 07
800 417 090 56 25
825 416 091 56 26
835 415 091 57 34
850 4.5 092 55 26
500 1500 2500 3500 4500 5500 6500 7500 8500 9500

900 415 097 53 -1.0 Frequency MHz
1400 406 118 52 0.0
1450 405 120 52 0.0
1600 403 128 52 -0.3
1625 403 130 53 0.1
1640 403 131 53 03
1650 402 131 5.1 0.2
1700 402 134 5.1 02 5'0'0 T

015.0
1780 401 187 53 01 500 1500 2500 3500 4500 5500 6500 7500 8500 9500
1800 400 140 53 0.0 Frequency MHz
1810 400 1.40 53 07 3500 | 394 | 142 |27z | sve 291 [ 37 54
1825 400 1.40 53 14 3700 | 9.0 | 143 | 205 | 877 312 | 35 53
1850 400 1.40 5.0 21 5200 | 364 | 159 [461| 360 466 | 13 -0
1900 400 140 a7 43 5250 | 364 | 160 | 467 | sse 471 | 12 09
1950 | 400 140 47 6.4 5300 | 863 | 160 |472| 859 476 | 11 07
2000 400 140 45 93 5500 [ 359 | 162 [498| as6 49 | 07 01
2050 | 309 144 45 8.0 s600 | 857 | 163 | s07 | gs5 507 | 05 02
2100 | 208 149| ar 75 5700 | 355 | 164 519 354 517 | 03 04
2150 | 397 153 a7 63 5800 | @54 | 165 | 531 35.3 5.27 01 0.7
2200 396 158 47 58 6000 | 350 | 166 | 554 [ 351 548 | 02 12
2250 306 162 4.9 48 6500 | 341 | 171 | 647 | 345 607 | 11 16
2300 395 167 49 44 7000 | 832 | 174 | 678 | 339 665 | 20 20
2350 394 171 49 40 7500 | 823 | 177 | 740 | 333 724 | 29 22
2400 | 303 178 49 37 8000 | 315 | 180 | 801 | 327 784 | 38 22
2450 392 180 5.1 28 8500 | 306 | 182 | 863 [ 321 845 | -47 21
2500 391 185 5.0 19 9000 | 298 | 184 |924| 315 908 [ 56 18
2550 391 191 49 16 9500 | 200 [ 186 |984| 310 971 | 65 13
2600 39.0  1.96 4.8 08 10000 | 284 | 188 [1044| 304 1036 | 74 08

Figure C-3

600 — 5800 MHz Head Tissue Equivalent Matter
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APPENDIX D: SAR SYSTEM VALIDATION

Per FCC KDB Publication 865664 D02v01r02, SAR system validation status should be documented to confirm
measurement accuracy. The SAR systems (including SAR probes, system components and software versions)
used for this device were validated against its performance specifications prior to the SAR measurements.
Reference dipoles were used with the required tissue- equivalent media for system validation, according to the
procedures outlined in FCC KDB Publication 865664 D01v01r04 and IEEE 1528-2013. Since SAR probe
calibrations are frequency dependent, each probe calibration point was validated at a frequency within the valid
frequency range of the probe calibration point, using the system that normally operates with the probe for routine
SAR measurements and according to the required tissue-equivalent media.

A tabulated summary of the system validation status including the validation date(s), measurement frequencies,
SAR probes and tissue dielectric parameters has been included.

Table D-1
SAR System Validation Summary — 1g
SAR Freq. Date Probe orobe Cal Point Cond. | Perm. CW VALIDATION MOD. VALIDATION
System (MHz) SN (0') (gr) SENSITIVITY PROBE PROBE MOD. DUTY PAR
LINEARITY | ISOTROPY TYPE FACTOR
H 750 12/22/2020 | 7357 750 Head 0.881 42.984 PASS PASS PASS N/A N/A N/A
E 835 2/20/2020 3589 835 Head 0.922 43.402 PASS PASS PASS GMSK PASS N/A
P 1750 9/9/2020 7308 1750 Head 1.384 | 41.983 PASS PASS PASS N/A N/A N/A
P 1900 | 9/10/2020 | 7308 1900 Head 1.442 | 40.894 PASS PASS PASS GMSK PASS N/A
L 1900 | 11/25/2020 | 7539 1900 Head 1.402 | 40.110 PASS PASS PASS GMSK PASS N/A
E 2450 1/7/2021 7571 2450 Head 1.847 39.716 PASS PASS PASS OFDM/TDD PASS PASS
E 2600 1/7/2021 7571 2600 Head 2.025 39.117 PASS PASS PASS TDD PASS N/A
H 5250 5/7/2020 7357 5250 Head 4.644 35.124 PASS PASS PASS OFDM N/A PASS
H 5600 5/7/2020 7357 5600 Head 5.030 34.514 PASS PASS PASS OFDM N/A PASS
H 5750 5/7/2020 7357 5750 Head 5.207 | 34.257 PASS PASS PASS OFDM N/A PASS
L 750 | 12/17/2020 | 7539 750 Body 0.941 | 57.099 PASS PASS PASS N/A N/A N/A
L 835 | 12/15/2020 | 7539 835 Body 0.955 | 55.088 PASS PASS PASS GMSK PASS N/A
D 835 1/7/2021 7552 835 Body 0.956 54.674 PASS PASS PASS GMSK PASS N/A
H 1750 5/14/2020 7357 1750 Body 1.531 51.701 PASS PASS PASS N/A N/A N/A
L 1750 | 12/16/2020 | 7539 1750 Body 1.516 52.838 PASS PASS PASS N/A N/A N/A
J 1900 12/3/2020 7410 1900 Body 1.561 52.634 PASS PASS PASS GMSK PASS N/A
| 1900 1/5/2021 7551 1900 Body 1.520 | 53.063 PASS PASS PASS GMSK PASS N/A
K 2450 71712020 7409 2450 Body 2.018 51.176 PASS PASS PASS OFDM/TDD PASS PASS
P 2450 9/9/2020 7308 2450 Body 2.028 | 52.651 PASS PASS PASS OFDM/TDD PASS PASS
K 2600 7/8/2020 7409 2600 Body 2.194 50.726 PASS PASS PASS TDD PASS N/A
P 2600 9/8/2020 7308 2600 Body 2171 52.408 PASS PASS PASS TDD PASS N/A
G 5250 11/2/2020 7406 5250 Body 5.533 47.077 PASS PASS PASS OFDM N/A PASS
G 5600 11/2/2020 7406 5600 Body 6.006 46.433 PASS PASS PASS OFDM N/A PASS
G 5750 11/2/2020 | 7406 5750 Body 6.210 | 46.185 PASS PASS PASS OFDM N/A PASS
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Table D-2
SAR System Validation Summary — 10g

SAR Freq. Date Probe orabe Cal Point Cond. | Perm. CW VALIDATION MOD. VALIDATION
System (MHz) SN (o') (gr) SENSITIVITY PROBE PROBE MOD. DUTY PAR
LINEARITY | ISOTROPY TYPE FACTOR
J 1750 |12/18/2020| 7410 1750 Body 1.456 | 51.188 PASS PASS PASS N/A N/A N/A
J 1900 | 12/3/2020 | 7410 1900 Body 1.561 | 52.634 PASS PASS PASS GMSK PASS N/A
| 1900 1/5/2021 7551 1900 Body 1.520 | 53.063 PASS PASS PASS GMSK PASS N/A
K 2600 | 7/8/2020 | 7409 2600 Body 2.194 | 50.726 PASS PASS PASS TDD PASS N/A
G 5250 | 11/2/2020 | 7406 5250 Body 5.533 | 47.077 PASS PASS PASS OFDM N/A PASS
G 5600 | 11/2/2020 | 7406 5600 Body 6.006 | 46.433 PASS PASS PASS OFDM N/A PASS
G 5750 | 11/2/2020 | 7406 5750 Body 6.210 | 46.185 PASS PASS PASS OFDM N/A PASS

NOTE: While the probes have been calibrated for both CW and modulated signals, all measurements were
performed using communication systems calibrated for CW signals only. Modulations in the table above represent
test configurations for which the measurement system has been validated per FCC KDB Publication 865664
D01v01r04 for scenarios when CW probe calibrations are used with other signal types. SAR systems were
validated for modulated signals with a periodic duty cycle, such as GMSK, or with a high peak to average ratio (>5
dB), such as OFDM according to FCC KDB Publication 865664 D01v01r04.
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APPENDIX F: DOWNLINK LTE CA RF CONDUCTED POWERS

F.1 LTE Downlink Only Carrier Aggregation Test Reduction Methodology

SAR test exclusion for LTE downlink Carrier Aggregation is determined by power measurements according to the
number of component carriers (CCs) supported by the product implementation. Per April 2018 TCBC Workshop
Notes, the following test reduction methodology was applied to determine the combinations required for
conducted power measurements.

LTE DLCA Test Reduction Methodology:

e The supported combinations were arranged by the number of component carriers in columns.

e Any limitations on the PCC or SCC for each combination were identified alongside the combination (e.g.
CA_2A-2A-4A-12A, but B12 can only be configured as a SCC).

e Power measurements were performed for "supersets" (LTE CA combinations with multiple components
carriers) and any "subsets" (LTE CA combinations with fewer component carriers) that were not
completely covered by the supersets.

e Only subsets that have the exact same components as a superset were excluded for measurement.

o When there were certain restrictions on component carriers that existed in the superset that were not
applied for the subset, the subset configuration was additionally evaluated.

e Both inter-band and intra-band downlink carrier aggregation scenarios were considered.

Table F-1 — Example of Exclusion Table for SISO Configurations

F.2 LTE Downlink Only Carrier Aggregation Test Selection and Setup

SAR test exclusion for LTE downlink Carrier Aggregation is determined by power measurements according to the
number component carriers (CCs) supported by the product implementation. For those configurations required by
April 2018 TCBC Workshop Notes, conducted power measurements with LTE Carrier Aggregation (CA) (downlink
only) active are made in accordance to KDB Publication 941225 D05Av01r02. The RRC connection is only
handled by one cell, the primary component carrier (PCC) for downlink and uplink communications. After making
a data connection to the PCC, the UE device adds secondary component carrier(s) (SCC) on the downlink only.
All uplink communications and acknowledgements remain identical to specifications when downlink carrier
aggregation is inactive on the PCC. Additional conducted output powers are measured with the downlink carrier
aggregation active for the configuration with highest measured maximum conducted power with downlink carrier
aggregation inactive measured among the channel bandwidth, modulation, and RB combinations in each
frequency band.

Per FCC KDB Publication 941225 D05Av01r02, no SAR measurements are required for carrier aggregation
configurations when the maximum average output power with downlink only carrier aggregation active is not more
than 0.25 dB higher than the average output power with downlink only carrier aggregation inactive. All bands
required for SAR testing per FCC KDB procedures were considered. Based on the measured maximum powers
below, no additional SAR tests were required for DLCA SAR configurations.
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General PCC and SCC configuration selection procedure

PCC uplink channel, channel bandwidth, modulation and RB configurations were selected based on
section C)3)b)ii) of KDB 941225 D05 V01r02. All LTE bandwidth conducted powers needed for PCC
uplink configuration selection can be found in Section 9.3 and appendix H. The downlink PCC
channel was paired with the selected PCC uplink channel according to normal configurations without
carrier aggregation.

To maximize aggregated bandwidth, highest channel bandwidth available for that CA combination
was selected for SCC. For inter-band CA, the SCC downlink channels were selected near the middle
of their transmission bands. For contiguous intra-band CA, the downlink channel spacing between the
component carriers was set to multiple of 300 kHz less than the nominal channel spacing defined in
section 5.4.1A of 3GPP TS 36.521. For non-contiguous intra-band CA, the downlink channel spacing
between the component carriers was set to be larger than the nominal channel spacing and provided
maximum separation between the component carriers.

All selected PCC and SCC(s) remained fully within the uplink/downlink transmission band of the
respective component carrier.

Base Station
Simulator >

A

Wireless Device

A 4

Figure F-1
DL CA Power Measurement Setup
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F.3

F.3.1

LTE Band 71 as PCC

Table F-2
Maximum Output Powers

Downlink Carrier Aggregation RF Conducted Powers

PCC scC Power
LTE Tx.Power | LTE Single
TR — PCCBW | PCC(UL) | PCC(UL) |\ o |PccuLy| pccuL (pec(or) PCFSJD"’ sccBang | SCCBW |scc(oy) SCF:DL) with DLCA | Carrier Tx
[MHz] | Channel |Freq.[MHz] RB  |RBOffset| Ch. " :1'1 [MHz] Ch. [M:l'] Enabled Power
(dBm) (dBm)
CA_2A-T1A LTE B71 20 133297 680.5 QPSK 1 50 68761 | 6345 LTE B2 20 900 1960 24.43 24.37
CA_4A-T1A LTE B71 20 133297 680.5 QPSK 1 50 68761 | 634.5 LTE B4 20 2175 | 21325 24.32 24.37
CA_66A-71A LTE B71 20 133297 680.5 QPSK 1 50 68761 | 634.5 LTE B66 20 66786 | 2145 24.38 24.37
F.3.2 LTE Band 12 as PCC
Table F-3
Maximum Output Powers
PCC SscC Power
LTE Tx.Power | LTE Single
PCC (DL DL]
T — PCCBW | PCC(UL) | PCC(UL) |\ | PecuLe| PeccuL (Pec(oL) CF: ) scCBang | SCCBW |scc(oy) sch; ) | withbLca | carrier Tx
[MHz] Channel |Freq. [MHz] RB  (RBOffset| Ch. [M:x.] [MHz] Ch. [M:z.] Enabled Power
(dBm) (dBm)
CA 2A-12A LTE B12 10 23095 707.5 QPSK 1 0 5095 737.5 LTE B2 20 900 1960 24.53 24.38
CA_2A-12A (1) LTE B12 10 23095 707.5 QPSK 1 0 5095 737.5 LTE B2 20 900 1960 24.53 24.38
CA_4A-12A (1) LTE B12 10 23095 707.5 QPSK 1 0 5095 737.5 LTE B4 20 2175 | 21325 24.52 24.38
CA_4A-12A (2) LTE B12 10 23095 707.5 QPSK 1 0 5095 737.5 LTE B4 20 2175 | 21325 24.52 24.38
CA_12A-66A (1) LTE B12 10 23095 707.5 QPSK 1 0 5095 737.5 LTE B66 20 66786 | 2145 24.48 24.38
CA_12A-66A (2) LTE B12 10 23095 707.5 QPSK 1 0 5095 737.5 LTE B66 20 66786 | 2145 24.48 24.38
F.3.3 LTE Band 26 as PCC
Table F-4
Maximum Output Powers
PCC ScC Power
LTE Tx.Power | LTE Single
. — PCCBW | PCC(UL) | PCC(UL) |\ o |PccuLy| pccuL (pec(oL) "C:e")"’ sccBang | SCCBW |scc(oy) sc::m.) with DLCA | Carrier Tx
[MHz] | Channel |Freq.[MHz] RB  |RBOffset| Ch. ™ :1'1 [MHz] ch. [M:l'] Enabled Power
(dBm) (dBm)
CA_25A-26A LTE B26 10 26990 844 QPSK 1 49 8990 889 LTE B25 20 8365 | 1962.5 24.50 24.39
F.3.4 LTE Band 66 as PCC
Table F-5
Maximum Output Powers
pCC scc Power
LTE Tx.Power | LTE Single
PCC (DL] scc (oL
. - PCCBW | PCC(UL) | PCC(UL) |\ o | PCCULH| PCCUL |PCC(DL) Fre( ) sccpang | SCCBW |scc(oy) Fre( ) | with DLCA | Carrier Tx
[MHz] | Channel |Freq.[MHz] RB  |RBOffset| Ch. [M:z'] [MHz] Ch. [M:z'] Enabled Power
(dBm) (dBm)
CA_2A-66A LTE B66 10 132022 1715 QPSK 1 49 66486 2115 LTE B2 20 900 1960 24.36 24.43
CA_12A-66A (1) LTE B66 10 132022 1715 QPSK 1 49 66486 2115 LTE B12 10 5095 737.5 24.48 24.43
CA_12A-66A (2) LTE B66 10 132022 1715 QPSK 1 49 66486 2115 LTE B12 10 5095 737.5 24.48 24.43
CA_5A-66A LTE B66 10 132022 1715 QPSK 1 49 66486 2115 LTE B5 10 2525 881.5 24.50 24.43
CA_66A-66A LTE B66 10 132022 1715 QPSK 1 49 66486 2115 LTE B66 20 67236 | 2190 24,51 24.43
CA_66A-T1A LTE B66 10 132022 1715 QPSK 1 49 66486 2115 LTE B71 20 68761 | 634.5 24.52 24.43
CA 66B LTE B66 10 132022 1715 QPSK 1 49 66486 2115 LTE B66 10 66585 | 2124.9 24.48 24.43
CA_66C LTE B66 10 132022 1715 QPSK 1 49 66486 2115 LTE B66 20 66630 | 2129.4 24.58 24.43
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F.3.5 LTE Band 25 as PCC

Table F-6
Maximum Output Powers

CA_25A-25A (1) LTE B25 10 26090 1855 QPSK 1 0 8090 1935 LTE B25 20 8590 1985 24.04 24.18
CA_25A-26A LTE B25 10 26090 1855 QPSK 1 0 8090 1935 LTE B26 15 8865 876.5 24.06 24.18
CA_25A-41A LTE B25 10 26090 1855 QPSK 1 0 8090 1935 LTE B41 20 40620 2593 24.17 24.18

F.3.6 LTE Band 41 as PCC

Table F-7
Maximum Output Powers

CA_41A-41A (1) LTE B41 40620 2593 QPSK 1 40620 | 2593 LTE B41 41490 | 2680
[ _castcy | LEB#M | s 40620 2593 | aPsk 1 12 40620 2503 | LTEB41 | 20 40737 | 2604.7 23.04 23.12

F.3.7 LTE Band 41 PC2 as PCC

Table F-8
Maximum Output Powers

CA_41A-41A LTE B41 PC2 10 40185 2549.5 QPSK 40185 LTE B41 PC2 23505 2680
| CA 41C | LtEBatPc2 | 10 40185 25495 | apsk | 1 25 | 40185 | 25495 [LTEB41PC2| 20 40329 | 2563.9 26.33 26.21
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APPENDIX G POWER REDUCTION VERIFICATION

Per the May 2017 TCBC Workshop Notes, demonstration of proper functioning of the power reduction
mechanisms is required to support the corresponding SAR configurations. The verification process was
divided into two parts: (1) evaluation of output power levels for individual or multiple triggering
mechanisms and (2) evaluation of the triggering distances for proximity-based sensors.

G.1 Power Verification Procedure

The power verification was performed according to the following procedure:

1. A base station simulator was used to establish a conducted RF connection and the output power
was monitored. The power measurements were confirmed to be within expected tolerances for all
states before and after a power reduction mechanism was triggered.

2. Step 1 was repeated for all relevant modes and frequency bands for the mechanism being
investigated.

3. Steps 1 and 2 were repeated for all individual power reduction mechanisms and combinations
thereof. For the combination cases, one mechanism was switched to a 'triggered' state at a time;
powers were confirmed to be within tolerances after each additional mechanism was activated.

G.2 Distance Verification Procedure

The distance verification procedure was performed according to the following procedure:

1. A base station simulator was used to establish an RF connection and to monitor the power levels.
The device being tested was placed below the relevant section of the phantom with the relevant
side or edge of the device facing toward the phantom.

2. The device was moved toward and away from the phantom to determine the distance at which
the mechanism triggers and the output power is reduced, per KDB Publication 616217
D04v01r02 and FCC Guidance. Each applicable test position was evaluated. The distances were
confirmed to be the same or larger (more conservative) than the minimum distances provided by
the manufacturer.

3. Steps 1 and 2 were repeated for low, mid, and high bands, as appropriate (see note below Table
G-2 for more details).

4. Steps 1 through 3 were repeated for all distance-based power reduction mechanisms.
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G.3

Main Antenna Verification Summary

Table G-1
Power Measurement Verification for Main Antenna
Mechanism(s) Conducted Power (dBm)
Mode/Band
1st Un-triggered Mechanism #1
(Max) (Reduced)
Grip UMTS 1750 24.25 22.31
Grip UMTS 1900 24.30 22.91
Grip LTE FDD Band 4 24.61 22.24
Grip LTE FDD Band 66 24.63 22.20
Grip LTE FDD Band 2 24.45 22.66
Grip LTE FDD Band 25 24.36 22.68
Hotspot On LTE TDD Band 41 (PC3) 23.02 20.51
Hotspot On LTE TDD Band 41 (PC2) 26.07 20.53
Table G-2
Distance Measurement Verification for Main Antenna
. . Distance Measurements (mm) Minimum Distance per
Mechanism(s) Test Condition Band - -
Moving Toward Moving Away Manufacturer (mm)
Grip Phablet - Back Side Mid 4 6 3
Grip Phablet - Front Side Mid 4 5 2
Grip Phablet - Bottom Edge Mid 4 6 4
*Note: Mid band refers to: UMTS B2/4, LTE B2/4/25/66
G.4 WIFI Verification Summary
Table G-3
Power Measurement Verification WIFI
Mechanism(s) Conducted Power (dBm)
Mode/Band
1st Un-triggered Mechanism #1
(Max) (Reduced)
Held-to-Ear 802.11b 22.92 18.62
Held-to-Ear 802.11g 21.42 18.95
Held-to-Ear 802.11n (2.4GHz) 20.42 18.60
Held-to-Ear 802.11ac (2.4GHz) 20.44 18.94
Held-to-Ear 802.11a 18.37 14.19
Held-to-Ear 802.11n (5GHz, 20MHz BW) 17.27 14.01
Held-to-Ear 802.11ac (20MHz BW) 17.18 14.07
Held-to-Ear 802.11n (5GHz, 40MHz BW) 15.80 13.69
Held-to-Ear 802.11ac (40MHz BW) 16.17 13.55
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APPENDIX H: LTE LOWER BANDWIDTH RF CONDUCTED

POWERS

H.1 LTE Lower Bandwidth RF Conducted Powers
H.1.1 LTE Band 71

Table 1-1
LTE Band 71 Maximum Conducted Powers - 15 MHz Bandwidth
LTE Band 71
15 MHz Bandwidth
Mid Channel
Modulation | RBSize | RB Offset (681:. :2|3u7-|z) MP';GA;';"["OT;]"” MPR [dB]
Conducted Power
[dBm]
1 0 24.31 0
1 36 24.10 0 0
1 74 24.07 0
QPSK 36 0 23.25 1
36 18 23.16 0-1 1
36 37 23.07 1
75 0 23.16 1
1 0 23.39 1
1 36 23.22 0-1 1
1 74 23.08 1
16QAM 36 0 22.11 2
36 18 22.02 2
0-2

36 37 21.92 2
75 0 22.04 2
1 0 22.20 2
1 36 22.08 0-2 2
1 74 22.05 2
64QAM 36 0 21.13 3
36 18 21.05 0-3 3
36 37 20.93 3
75 0 20.97 3

Note: LTE Band 71 at 15 MHz bandwidth does not support three non-overlapping channels. Per KDB Publication
941225 D05v02, when a device supports overlapping channel assignment in a channel bandwidth configuration,
the middle channel of the group of overlapping channels should be selected for testing.

Reviewed by:
FCC ID: ZNFK735MM P —— SAR EVALUATION REPORT @ LG Quality
Manager
Test Dates: DUT Type: APPENDIX H:
12/17/20 - 02/02/21 Portable Handset Page 1 of 22

© 2021 PCTEST



Table 1-2

LTE Band 71 Maximum Conducted Powers - 10 MHz Bandwidth

LTE Band 71
10 MHz Bandwidth
Low Channel Mid Channel High Channel
133172 133297 133422
. 5 MPR Allowed per
Modulation RB Size RB Offset (668.0 MHz) (680.5 MHz) (693.0 MHz) 3GPP [ dB]p MPR [dB]
Conducted Power [dBm]

1 0 2417 24.33 24.32 0

1 25 24.15 24.22 24.22 0 0

1 49 24.24 24.15 24.21 0

QPSK 25 0 23.23 23.19 23.33 1
25 12 23.23 23.14 23.31 01 1

25 25 23.21 23.03 23.09 1

50 0 23.20 23.11 23.22 1

1 0 22.81 23.36 23.58 1

1 25 22.70 23.21 23.50 0-1 1

1 49 22.90 23.27 23.43 1

16QAM 25 0 21.94 21.95 22.03 2
25 12 21.97 21.91 22.01 0-2 2

25 25 21.91 21.78 21.80 2

50 0 21.87 21.93 21.97 2

1 0 21.99 21.99 21.87 2

1 25 21.87 21.90 21.99 0-2 2

1 49 21.99 21.94 21.92 2

64QAM 25 0 20.90 20.99 20.99 3
25 12 20.91 20.90 20.95 03 3

25 25 20.86 20.82 20.71 3

50 0 20.86 20.85 20.91 3

Table 1-3
LTE Band 71 Maximum Conducted Powers - 5 MHz Bandwidth
LTE Band 71
5 MHz Bandwidth
Low Channel Mid Channel High Channel
i . 133147 133297 133447 MPR Allowed per
Modulation RB Size RB Offset (665.5 MHz) (680.5 MHz) (695.5 MHz) 3GPP [dB] MPR [dB]
Conducted Power [dBm]

1 0 24.05 2413 24.25 0
1 12 23.96 23.91 24.10 0 0
1 24 24.08 23.98 24.05 0

QPSK 12 0 23.13 23.15 23.07 1
12 6 23.07 23.13 23.11 01 1

12 13 23.05 23.05 23.06 1

25 0 23.11 23.12 23.03 1

1 0 22.93 22.95 23.00 1

1 12 22.88 22.91 22.88 0-1 1

1 24 22.92 22.90 22.91 1
16QAM 12 0 21.94 21.81 21.77 2
12 6 21.90 21.74 21.75 02 2
12 13 21.87 21.70 21.72 2
25 0 21.80 21.72 21.63 2
1 0 21.87 21.79 21.82 2
1 12 21.90 21.98 21.79 0-2 2
1 24 22.00 21.99 21.66 2
64QAM 12 0 20.72 20.87 20.69 3
12 6 20.69 20.82 20.71 03 3
12 13 20.70 20.72 20.88 3
25 0 20.79 20.70 20.80 3
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H.1.2 LTE Band 12

Table 1-4
LTE Band 12 Maximum Conducted Powers - 5 MHz Bandwidth
LTE Band 12
5 MHz Bandwidth
Low Channel Mid Channel High Channel
. . 23035 23095 23155 MPR Allowed per
Modulation | RB Size | RB Offset (701.5 MHz) (707.5 MHz) (713.5 MHz) 3GPP [dB]p LHR(ELR
Conducted Power [dBm]
1 0 24.09 24.05 24.08 0
1 12 24.14 23.92 24.04 0 0
1 24 24.10 24.02 24.01 0
QPSK 12 0 23.12 23.11 23.25 1
12 6 23.10 23.03 23.10 01 1
12 13 23.04 22.97 23.16 1
25 0 23.10 23.06 23.13 1
1 0 23.13 22.96 23.00 1
1 12 23.22 22.84 22.92 0-1 1
1 24 23.06 22.81 22.96 1
16QAM 12 0 22.12 21.84 22.05 2
12 6 22.23 21.95 21.99 02 2
12 13 22.16 21.81 22.05 2
25 0 22.02 21.95 22.05 2
1 0 22.07 21.99 22.04 2
1 12 22.15 21.94 22.11 0-2 2
1 24 22.05 21.92 22.00 2
64QAM 12 0 20.99 20.98 21.09 3
12 6 21.00 21.01 21.02 03 3
12 13 20.93 20.96 21.09 3
25 0 21.06 20.98 21.01 3
Table 1-5
LTE Band 12 Maximum Conducted Powers - 3 MHz Bandwidth
LTE Band 12
3 MHz Bandwidth
Low Channel Mid Channel High Channel
: . 23025 23095 23165 MPR Allowed per
Modulation | RBSize | RB Offset (700.5 MHz) (707.5 MHz) (714.5 MHz) 3GPP [eua]p VPR [dB]
Conducted Power [dBm]
1 0 24.03 24.10 2413 0
1 7 24.07 24.15 24.13 0 0
1 14 24.00 24.05 24.10 0
QPSK 8 0 22.98 23.06 22.95 1
8 4 23.00 23.08 23.02 01 1
8 7 22.94 22.97 22.95 1
15 0 22.99 23.01 22.94 1
1 0 23.05 23.05 22.91 1
1 7 23.08 23.14 22.90 0-1 1
1 14 22.99 22.99 22.83 1
16QAM 8 0 22.09 22.12 21.89 2
8 4 22.09 22.12 21.99 02 2
8 7 21.99 22.04 21.92 2
15 0 22.06 22.10 21.89 2
1 0 2217 21.93 21.86 2
1 7 22.17 21.97 21.77 0-2 2
1 14 22.06 21.91 21.84 2
64QAM 8 0 20.97 21.05 20.94 3
8 4 20.97 21.08 21.00 03 3
8 7 21.00 20.99 20.94 3
15 0 21.03 20.97 20.81 3
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Table 1-6

LTE Band 12 Maximum Conducted Powers - 1.4 MHz Bandwidth

LTE Band 12
1.4 MHz Bandwidth
Low Channel Mid Channel High Channel
q 5 23017 23095 23173 MPR Allowed per
Modulation | RB Size | RB Offset (699.7 MHz) (707.5 MHz) (715.3 MHz) 3GPP [dB] MPR [dB]
Conducted Power [dBm]

1 0 24.08 24.12 24.12 0

1 2 24.08 24.10 24.02 0

1 5 24.00 24.09 24.08 0 0

QPSK 3 0 24.07 24.16 24.16 0
3 2 24.26 2412 24.12 0

3 3 2417 24.16 24.10 0

6 0 23.03 23.16 23.08 0-1 1

1 0 23.10 23.08 22.97 1

1 2 23.12 23.16 22.96 1

1 5 23.08 23.12 22.94 0-1 1

16QAM 3 0 22.99 23.06 23.02 1
3 2 22.93 23.13 23.00 1

3 3 23.00 23.05 23.03 1

6 0 22.11 22.04 22.06 0-2 2

1 0 22.02 22.27 21.89 2

1 2 22.00 22.33 21.92 2

1 5 21.98 22.27 21.81 0-2 2

64QAM 3 0 21.93 22.06 22.05 2
3 2 21.97 22.09 22.07 2

3 3 22.03 22.00 22.08 2

6 0 20.91 20.83 20.87 0-3 3
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H.1.3 LTE Band 13

Table 1-7
LTE Band 13 Maximum Conducted Powers - 5 MHz Bandwidth
LTE Band 13
5 MHz Bandwidth
Mid Channel
Modulation | RBSize | RB Offset (782?02?V?Hz) MP':GA;';"[nglpe' MPR [dB]
Conducted Power
[dBm]
1 0 23.74 0
1 12 23.73 0 0
1 24 23.73 0
QPSK 12 0 23.09 1
12 6 23.00 0-1 1
12 13 23.04 1
25 0 23.05 1
1 0 23.22 1
1 12 23.12 0-1 1
1 24 23.18 1
16QAM 12 0 22.08 2
12 6 22.03 0-2 2
12 13 22.06 2
25 0 22.05 2
1 0 22.14 2
1 12 22.18 0-2 2
1 24 22.03 2
64QAM 12 0 21.17 3
12 6 21.09 0-3 3
12 13 21.12 3
25 0 21.00 3

Note: LTE Band 13 at 5 MHz bandwidth does not support three non-overlapping channels. Per KDB Publication
941225 D05v02, when a device supports overlapping channel assignment in a channel bandwidth configuration,
the middle channel of the group of overlapping channels should be selected for testing.
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H.1.4 LTE Band 26

Table 1-8
LTE Band 26 (Cell) Maximum Conducted Powers - 10 MHz Bandwidth

LTE Band 26 (Cell)
10 MHz Bandwidth
Low Channel Mid Channel High Channel
) . 26740 26865 26990 MPR Allowed per
LMERED | e || B (819.0 MHz) (831.5 MHz) (844.0 MHz) 3GPP [dB]p LFREE
Conducted Power [dBm]
1 0 24.02 24.25 24.30 0
1 25 23.89 23.99 24.08 0 0
1 49 24.20 24.25 24.39 0
QPsK 25 0 22.95 22.99 23.03 1
25 12 22.98 23.03 23.04 04 1
25 25 23.04 23.11 22.96 1
50 0 22.99 23.02 23.12 1
1 0 23.33 23.42 23.10 1
1 25 23.03 23.33 22.84 0-1 1
1 49 23.22 23.50 23.05 1
16QAM 25 0 22.03 22.02 22.01 2
25 12 22.05 22.05 22.03 0.2 2
25 25 22.08 22.11 22.05 2
50 0 22.01 22.03 22.10 2
1 0 2231 22.13 22.03 2
1 25 22.10 21.89 21.79 0-2 2
1 49 22.35 22.16 2218 2
64QAM 25 0 21.00 20.97 21.11 3
25 12 21.03 21.01 21.13 03 3
25 25 21.13 21.09 21.10 ) 3
50 0 21.02 20.96 21.10 3
Table 1-9
LTE Band 26 (Cell) Maximum Conducted Powers - 5 MHz Bandwidth
LTE Band 26 (Cell)
5 MHz Bandwidth
Low Channel Mid Channel High Channel
. . 26715 26865 27015 MPR Allowed per
LMD | B8 || B (816.5 MHz) (831.5 MHz) (846.5 MHz) 3GPP [dB]p (L AR[ELY
Conducted Power [dBm]

1 0 23.97 23.85 23.95 0
1 12 23.92 23.89 23.90 0 0
1 24 23.94 23.89 23.78 0
QPsK 12 0 22.95 22.95 23.00 1
12 6 23.01 22.97 22.99 04 1
12 13 22.92 22.91 23.00 1
25 0 22.91 23.00 22.95 1
1 0 23.08 22.83 22.97 1
1 12 22.94 22.90 22.95 0-1 1
1 24 23.05 22.79 22.92 1
16QAM 12 0 22.14 21.89 22.00 2
12 6 22.18 21.96 22.00 02 2
12 13 22.16 21.90 21.94 2
25 0 21.88 22.04 21.99 2
1 0 22.03 22.12 22.07 2
1 12 22.00 22.29 22.02 0-2 2
1 24 21.93 22.11 21.97 2
64QAM 12 0 20.92 20.93 21.05 3
12 6 20.98 21.00 21.01 03 3
12 13 20.93 20.96 20.98 3
25 0 20.93 21.00 20.97 3
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Table 1-10
LTE Band 26 (Cell) Maximum Conducted Powers - 3 MHz Bandwidth

LTE Band 26 (Cell)
3 MHz Bandwidth
Low Channel Mid Channel High Channel
: : 26705 26865 27025 MPR Allowed per
LD | BOED || e (815.5 MHz) (831.5 MHz) (847.5 MHz) 3GPP [dB]P (L AR[ELY
Conducted Power [dBm]
1 0 2381 23.81 23.92 0
1 7 23.86 23.85 24.00 0 0
1 14 23.83 23.83 24.09 0
QPSK 8 0 22.93 22.93 23.16 1
8 4 22.91 22.91 22.93 04 1
8 7 22.96 22.93 22.94 1
15 0 22.90 22.94 22.92 1
1 0 22.94 23.09 22.87 1
1 7 23.08 23.18 22.93 0-1 1
1 14 22.97 23.17 22.76 1
16QAM 8 0 22.00 22.09 21.98 2
8 4 22.00 22.06 21.92 0.2 2
8 7 22.06 22.04 21.97 2
15 0 21.99 22.00 21.92 2
1 0 22.08 21.90 21.78 2
1 7 22.15 21.97 21.83 0-2 2
1 14 22.05 21.86 21.74 2
64QAM 8 0 21.12 21.00 21.02 3
8 4 20.94 20.94 21.01 0.3 3
8 7 20.95 20.94 21.01 3
15 0 20.97 20.87 21.02 3
Table 1-11
LTE Band 26 (Cell) Maximum Conducted Powers - 1.4 MHz Bandwidth
LTE Band 26 (Cell)
1.4 MHz Bandwidth
Low Channel Mid Channel High Channel
. . 26697 26865 27033 MPR Allowed per
Ncculticnl RES ol = (814.7 MHz) (831.5 MHz) (848.3 MHz) 3GPP [ena]p L AR LY
Conducted Power [dBm]

1 0 23.92 23.90 23.91 0
1 2 24.00 23.87 23.95 0
1 5 23.92 23.90 23.83 0 0
QPsK 3 0 24.00 23.99 24.06 0
3 2 23.99 24.12 24.24 0
3 3 23.94 23.93 24.16 0
6 0 23.08 22.93 23.01 0-1 1
1 0 23.20 22.90 22.97 1
1 2 23.22 22.98 23.00 1
1 5 23.10 22.99 22.96 041 1
16QAM 3 0 22.78 22.88 22.68 1
3 2 22.91 22.71 22.71 1
3 3 22.81 22.67 22.65 1
6 0 21.90 21.96 21.96 0-2 2
1 0 21.87 22.01 22.12 2
1 2 21.89 22.10 22.02 2
1 5 21.90 22.07 22.07 02 2
64QAM 3 0 21.92 22.12 21.97 2
3 2 22.05 22.10 22.03 2
3 3 21.88 22.00 22.02 2
6 0 21.00 21.01 20.97 0-3 3
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H.1.5

LTE Band 66

LTE Band 66 (AWS) Maximum Conducted Powers - 15 MHz Bandwidth

Table 1-12

LTE Band 66 (AWS)
15 MHz Bandwidth
Low Channel Mid Channel High Channel
. . 132047 132322 132597 MPR Allowed per
McduIation RBSIE KB EnEs: (1717.5 MHz) (1745.0 MHz) (1772.5 MHz) 3GPP [dB]p LAR[ELEL
Conducted Power [dBm]
1 0 24.12 24.06 24.04 0
1 36 24.00 23.94 2410 0 0
1 74 24.32 24.13 24.17 0
QPsK 36 0 23.15 23.23 23.24 1
36 18 23.07 23.21 23.16 01 1
36 37 23.13 23.20 23.11 1
75 0 23.08 23.17 23.09 1
1 0 23.38 23.33 23.72 1
1 36 23.45 23.33 23.62 0-1 1
1 74 23.49 23.37 23.67 1
16QAM 36 0 22.14 22.25 22.16 2
36 18 22.10 22.22 22.14 02 2
36 37 22.11 22.16 22.12 2
75 0 22.06 22.20 22.12 2
1 0 22.58 22.10 22.17 2
1 36 22.52 22.05 22.07 0-2 2
1 74 22.64 22.13 22.12 2
64QAM 36 0 21.13 21.28 21.20 3
36 18 21.10 21.26 21.15 03 3
36 37 21.08 21.27 21.11 3
75 0 21.05 21.25 21.15 3
Table 1-13
LTE Band 66 (AWS) Maximum Conducted Powers - 10 MHz Bandwidth
LTE Band 66 (AWS)
10 MHz Bandwidth
Low Channel Mid Channel High Channel
) : 132022 132322 132622 MPR Allowed per
LR BESES REIOESE (1715.0 MHz) (1745.0 MHz) (1775.0 MHz) 3GPP [dB]p LARER
Conducted Power [dBm]

1 0 24.40 24.33 24.39 0
1 25 24.17 24.26 24.39 0 0
1 49 24.43 24.34 24.35 0
QPsK 25 0 23.48 23.42 23.45 1
25 12 23.35 23.42 23.44 01 1
25 25 23.41 23.39 23.41 1
50 0 23.35 23.44 23.42 1
1 0 23.60 23.64 23.69 1
1 25 23.60 23.76 23.69 0-1 1
1 49 23.78 23.75 23.66 1
16QAM 25 0 22.45 22.43 22.42 2
25 12 22.39 22.39 22.42 02 2
25 25 22.39 22.41 22.41 2
50 0 22.38 22.35 22.41 2
1 0 22.60 22.40 22.58 2
1 25 22.38 22.54 22.53 0-2 2
1 49 22.53 22.42 22.50 2
64QAM 25 0 21.39 21.38 21.38 3
25 12 21.36 21.41 21.38 03 3
25 25 21.32 21.35 21.33 3
50 0 21.34 21.41 21.34 3
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Table 1-14

LTE Band 66 (AWS) Maximum Conducted Powers - 5 MHz Bandwidth

LTE Band 66 (AWS)
5 MHz Bandwidth
Low Channel Mid Channel High Channel
. . 131997 132322 132647 MPR Allowed per
Ncdiiaten BE= RELOH=C (1712.5 MHz) (1745.0 MHz) (1777.5 MHz) 3GPP [dB] MERIIE]
Conducted Power [dBm]
1 0 24.37 24.35 24.40 0
1 12 24.26 24.23 24.28 0 0
1 24 24.09 24.23 24.25 0
QPSK 12 0 23.41 23.47 23.42 1
12 6 23.40 23.38 23.37 01 1
12 13 23.32 23.37 23.40 1
25 0 23.39 23.39 23.40 1
1 0 23.71 23.73 23.76 1
1 12 23.60 23.70 23.78 0-1 1
1 24 23.58 23.61 23.58 1
16QAM 12 0 22.50 22.45 22.48 2
12 6 22.42 22.40 22.42 02 2
12 13 22.33 22.38 22.39 2
25 0 22.40 22.39 22.39 2
1 0 22.61 22.59 22.57 2
1 12 22.45 22.48 22.45 0-2 2
1 24 22.56 22.40 22.43 2
64QAM 12 0 21.42 21.42 21.43 3
12 6 21.40 21.40 21.37 03 3
12 13 21.29 21.36 21.38 3
25 0 21.36 21.34 21.35 3
Table 1-15
LTE Band 66 (AWS) Maximum Conducted Powers - 3 MHz Bandwidth
LTE Band 66 (AWS)
3 MHz Bandwidth
Low Channel Mid Channel High Channel
. . 131987 132322 132657 MPR Allowed per
Mcdustion RS RELOTEEL (1711.5 MHz) (1745.0 MHz) (1778.5 MHz) 3GPP [dB] LARELEY
Conducted Power [dBm]
1 0 24.29 24.28 24.24 0
1 7 24.32 24.26 24.27 0 0
1 14 24.22 24.22 24.20 0
QPsK 8 0 23.34 23.35 23.36 1
8 4 23.34 23.35 23.37 01 1
8 7 23.37 23.31 23.29 1
15 0 23.34 23.32 23.39 1
1 0 23.61 23.61 23.63 1
1 7 23.70 23.71 23.58 0-1 1
1 14 23.63 23.62 23.61 1
16QAM 8 0 22.43 22.42 22.46 2
8 4 22.42 22.44 22.38 02 2
8 7 22.38 22.39 22.39 2
15 0 22.33 22.33 22.30 2
1 0 22.53 22.54 22.53 2
1 7 22.45 22.55 22.55 0-2 2
1 14 22.40 22.46 22.48 2
64QAM 8 0 21.32 21.39 21.34 3
8 4 21.31 21.32 21.35 03 3
8 7 21.34 21.30 21.31 3
15 0 21.32 21.37 21.31 3
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LTE Band 66 (AWS) Maximum Conducted Powers - 1.4 MHz Bandwidth

Table 1-16

LTE Band 66 (AWS)
1.4 MHz Bandwidth
Low Channel Mid Channel High Channel
. A 131979 132322 132665 MPR Allowed per
pcELEten RB Size RB Offset (1710.7 MHz) (1745.0 MHz) (1779.3 MHz) 3GPP [dB]p MPR [dB]
Conducted Power [dBm]
1 0 24.07 2417 24.13 0
1 2 24.12 24.21 24.24 0
1 5 24.11 24.17 24.15 0 0
QPSK 3 0 24.13 24.18 24.21 0
3 2 24.16 24.20 24.20 0
3 3 24.18 24.15 2415 0
6 0 23.28 23.28 23.24 0-1 1
1 0 23.61 23.54 23.50 1
1 2 23.56 23.61 23.59 1
1 5 23.54 23.51 23.53 0-1 1
16QAM 3 0 23.42 23.39 23.40 1
3 2 23.39 23.44 23.45 1
3 3 23.42 23.35 23.40 1
6 0 22.29 22.32 22.28 0-2 2
1 0 22.41 22.41 22.41 2
1 2 22.51 22.49 22.49 2
1 5 22.40 22.40 22.40 0-2 2
64QAM 3 0 22.29 22.29 22.35 2
3 2 22.35 22.38 22.38 2
3 3 22.29 22.31 22.32 2
6 0 21.22 21.27 21.28 0-3 3
Table 1-17

LTE Band 66 (AWS) Reduced Conducted Powers - Grip Sensor Mode Active - 15 MHz Bandwidth

LTE Band 66 (AWS)
15 MHz Bandwidth
Low Channel Mid Channel High Channel
. " 132047 132322 132597 MPR Allowed per
Mcdustion RS RELOTEEL (1717.5 MHz) (1745.0 MHz) (1772.5 MHz) 3GPP [dB] LARELEY
Conducted Power [dBm]
1 0 22.10 21.94 22.10 0
1 36 22.03 21.92 21.93 0 0
1 74 22.01 22.03 22.03 0
QPSK 36 0 21.99 21.96 22.04 0
36 18 22.03 21.93 22.00 0-1 0
36 37 22.02 21.99 22.05 0
75 0 22.07 21.93 21.99 0
1 0 22.29 22.27 22.35 0
1 36 22.37 22.24 22.30 0-1 0
1 74 22.40 22.38 22.29 0
16QAM 36 0 21.99 21.98 22.04 0
36 18 22.08 21.93 22.00 02 0
36 37 22.01 22.01 21.99 0
75 0 22.08 21.92 22.00 0
1 0 22.37 22.10 22.22 0
1 36 22.28 22.11 22.15 0-2 0
1 74 22.37 22.18 22.21 0
64Q0AM 36 0 21.00 20.94 21.17 1
36 18 21.03 20.97 20.98 03 1
36 37 21.01 20.96 21.03 1
75 0 21.03 20.91 20.98 1
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Table 1-18

LTE Band 66 (AWS) Reduced Conducted Powers - Grip Sensor Mode Active - 10 MHz Bandwidth

LTE Band 66 (AWS)
10 MHz Bandwidth
Low Channel Mid Channel High Channel
q n 132022 132322 132622 MPR Allowed per
SCCuiEton RSz REIOfset (1715.0 MHz) (1745.0 MHz) (1775.0 MHz) 3GPP [en?,]p PR [dB]
Conducted Power [dBm]
1 0 22.08 2217 22.23 0
1 25 21.93 22.03 22.09 0 0
1 49 22.04 21.94 22.09 0
QPSK 25 0 22.05 22.04 22.19 0
25 12 22.03 22.01 22.03 0-1 0
25 25 22.02 22.04 22.08 0
50 0 22.01 22.00 22.14 0
1 0 22.33 22.38 22.39 0
1 25 22.30 22.31 22.40 0-1 0
1 49 22.39 22.44 22.42 0
16QAM 25 0 22.26 22.03 22.08 0
25 12 22.01 22.05 22.07 0-2 0
25 25 22.04 22.12 22.13 0
50 0 21.97 22.02 22.11 0
1 0 22.21 22.25 22.31 0
1 25 22.01 22.16 22.15 0-2 0
1 49 22.07 22.33 22.14 0
64QAM 25 0 21.01 21.05 21.08 1
25 12 21.00 21.03 21.05 0-3 1
25 25 20.98 21.06 21.10 1
50 0 21.03 20.99 21.15 1
Table 1-19

LTE Band 66 (AWS) Reduced Conducted Powers - Grip Sensor Mode Active - 5 MHz Bandwidth

LTE Band 66 (AWS)
5 MHz Bandwidth
Low Channel Mid Channel High Channel
) ' 131997 132322 132647 MPR Allowed per
Mcduictien BE= RS i (1712.5 MHz) (1745.0 MHz) (1777.5 MHz) 3GPP [dB] B AR(EEL
Conducted Power [dBm]

1 0 22.22 22.05 22.10 0

1 12 22.06 21.95 21.97 0 0

1 24 21.96 21.97 21.96 0

QPsK 12 0 22.01 22.06 22.03 0
12 6 22.00 21.93 21.95 o1 0

12 13 21.92 21.96 21.95 0

25 0 21.98 21.93 21.95 0

1 0 22.37 22.33 22.32 0

1 12 22.34 22.28 22.30 0-1 0

1 24 22.20 22.21 22.28 0

16QAM 12 0 22.04 22.01 22.08 0
12 6 22.07 21.95 21.99 02 0

12 13 21.88 22.01 21.96 0

25 0 22.01 21.93 21.95 0

1 0 22.18 2211 22.18 0

1 12 22.02 22.06 22.09 02 0

1 24 22.10 2211 22.01 0

640AM 12 0 21.02 20.99 21.00 1
12 6 20.98 20.95 20.96 03 1

12 13 20.81 20.96 20.91 1

25 0 20.93 20.88 20.90 1
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Table 1-20

LTE Band 66 (AWS) Reduced Conducted Powers - Grip Sensor Mode Active - 3 MHz Bandwidth

LTE Band 66 (AWS)
3 MHz Bandwidth
Low Channel Mid Channel High Channel
: . 131987 132322 132657 MPR Allowed per
Ncdiiaten BE= RELOH=C (1711.5 MHz) (1745.0 MHz) (1778.5 MHz) 3GPP [dB] MERIIE]
Conducted Power [dBm]
1 0 2215 2212 2218 0
1 7 22.22 2217 2218 0 0
1 14 2212 22.12 22.06 0
QPSK 8 0 22.10 22.07 22.12 0
8 4 22.10 22.07 22.10 o1 0
8 7 22.07 2214 22.07 0
15 0 22.06 22.08 22.09 0
1 0 22.46 22.40 22.39 0
1 7 22.40 2242 22.38 0-1 0
1 14 22.34 22.42 22.37 0
16QAM 8 0 22.18 22.14 22.22 0
8 4 22.19 22.15 22.22 02 0
8 7 22.14 22.22 2217 0
15 0 22.08 22.08 22.11 0
1 0 22.22 22.30 22.34 0
1 7 22.33 22.24 22.32 0-2 0
1 14 22.19 22.30 22.23 0
640AM 8 0 21.07 21.09 21.16 1
8 4 21.06 21.09 21.12 03 1
8 7 21.06 2111 21.07 1
15 0 21.09 21.07 21.10 1
Table 1-21

LTE Band 66 (AWS) Reduced Conducted Powers - Grip Sensor Mode Active - 1.4 MHz Bandwidth

LTE Band 66 (AWS)
1.4 MHz Bandwidth
Low Channel Mid Channel High Channel
. : 131979 132322 132665 MPR Allowed per
Mcdicten BEE RS i (1710.7 MHz) (1745.0 MHz) (1779.3 MHz) 3GPP [dB]p B ARG
Conducted Power [dBm]
1 0 22.08 22.07 22.08 0
1 2 22.13 22.14 22.18 0
1 5 22.05 22.14 22.07 o 0
QPSK 3 0 22.11 22.09 22.13 0
3 2 22.13 22.09 22.15 0
3 3 22.07 22.22 22.09 0
6 0 22.07 22.07 22.09 0-1 0
1 0 22.38 22.35 22.34 0
1 2 22.41 22.40 22.41 0
1 5 22.34 22.37 22.39 01 0
16QAM 3 0 22.19 22.15 22.20 0
3 2 22.27 22.19 22.25 0
3 3 22.18 22.23 22.21 0
6 0 22.13 22.12 22.18 0-2 0
1 0 22.25 22.27 22.28 0
1 2 22.31 22.35 22.34 0
1 5 22.28 22.30 22.29 02 0
64QAM 3 0 22.10 22.15 22.11 0
3 2 22.23 22.23 22.19 0
3 3 22.12 22.23 22.14 0
6 0 21.02 21.09 21.09 0-3 1
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H.1.6 LTE Band 25

Table 1-22
LTE Band 25 (PCS) Maximum Conducted Powers - 15 MHz Bandwidth

LTE Band 25 (PCS)
15 MHz Bandwidth

Low Channel Mid Channel High Channel
) ) 26115 26365 26615 MPR Allowed per
L || [BE || e (1857.5 MHz) (1882.5 MHz) (1907.5 MHz) 3GPP [dB]p L AR[ELY
Conducted Power [dBm]
1 0 24.10 23.99 24.13 0
1 36 23.90 23.82 23.90 0 0
1 74 24.06 23.98 24.04 0
QPsK 36 0 22.95 22.89 2313 1
36 18 23.02 22.95 23.10 o 1
36 37 2310 23.05 2319 1
75 0 22.94 23.02 23.14 1
1 0 22.92 23.18 2312 1
1 36 22.86 23.20 2310 0-1 1
1 74 23.06 23.19 23.08 1
16QAM 36 0 21.92 21.90 22,07 2
36 18 22.02 22.01 22.07 02 2
36 37 22.06 22.06 2216 2
75 0 21.93 21.96 22.09 2
1 0 22.30 2214 2212 2
1 36 22.21 22.18 22.10 0-2 2
1 74 22.10 22.09 22.02 2
640AM 36 0 20.93 20.90 21.00 3
36 18 21.02 20.97 20.87 03 3
36 37 21.07 21.00 20.88 3
75 0 21.00 20.96 20.90 3
Table 1-23

LTE Band 25 (PCS) Maximum Conducted Powers - 10 MHz Bandwidth

LTE Band 25 (PCS)
10 MHz Bandwidth

Low Channel Mid Channel High Channel
. . 26090 26365 26640 MPR Allowed per
LEED | B8 || EE3EE (1855.0 MHz) (1882.5 MHz) (1910.0 MHz) 3GPP [cua]p AR (CL
Conducted Power [dBm]
1 0 24.18 24.09 2411 0
1 25 24.08 23.97 24.09 0 0
1 49 24.11 24.08 24.12 0
QPsK 25 0 23.04 23.05 22.98 1
25 12 23.02 23.07 22.99 o 1
25 25 23.04 23.00 22.95 1
50 0 22.97 23.08 23.03 1
1 0 23.46 23.49 23.53 1
1 25 23.47 23.53 23.21 01 1
1 49 23.39 23.50 23.37 1
16QAM 25 0 22.02 21.95 21.96 2
25 12 21.91 22.04 21.99 02 2
25 25 22.00 21.91 21.96 2
50 0 21.92 21.98 21.93 2
1 0 22.16 22.15 22.15 2
1 25 2215 212 2017 02 2
1 49 22.13 22.23 22.19 2
64QAM 25 0 20.99 20.97 20.87 3
25 12 20.90 21.02 20.94 s 3
25 25 20.98 20.98 20.94 3
50 0 20.99 21.02 20.95 3
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Table 1-24
LTE Band 25 (PCS) Maximum Conducted Powers - 5 MHz Bandwidth

LTE Band 25 (PCS)
5 MHz Bandwidth
Low Channel Mid Channel High Channel
. . 26065 26365 26665 MPR Allowed per
Modulation | RBSize | RB Offset (1852.5 MHz) (1882.5 MHz) (1912.5 MHz) 3GPP [cuas]p EAREE
Conducted Power [dBm]
1 0 24.15 24.14 24.14 0
1 12 24.17 24.10 24.08 0 0
1 24 24.05 24.04 24.00 0
QPSK 12 0 23.14 23.09 23.06 1
12 6 23.15 23.13 23.01 01 1
12 13 23.07 23.07 22.98 1
25 0 23.10 23.16 23.02 1
1 0 23.15 23.19 23.19 1
1 12 23.10 23.18 23.12 0-1 1
1 24 23.18 23.21 23.13 1
16QAM 12 0 22.20 22.12 22.10 2
12 6 22.13 2217 22.09 0-2 2
12 13 22.11 22.09 22.04 2
25 0 22.09 22.12 22.04 2
1 0 22.15 22.18 22.12 2
1 12 22.14 22.18 22.09 0-2 2
1 24 22.11 22.04 22.18 2
64QAM 12 0 21.09 21.05 21.05 3
12 6 21.09 21.11 21.03 0-3 3
12 13 21.08 20.99 20.99 3
25 0 21.07 21.03 20.98 3
Table 1-25

LTE Band 25 (PCS) Maximum Conducted Powers - 3 MHz Bandwidth

LTE Band 25 (PCS)
3 MHz Bandwidth
Low Channel Mid Channel High Channel
. . 26055 26365 26675 MPR Allowed per
LED | OED || 3G (1851.5 MHz) (1882.5 MHz) (1913.5 MHz) 3GPP [dB]p L AR[GLY
Conducted Power [dBm]
1 0 2412 24.05 23.93 0
1 7 24.14 24.08 24.07 0 0
1 14 24.11 24.07 23.91 0
QPSK 8 0 23.12 23.03 23.04 1
8 4 23.07 23.09 23.04 0-1 1
8 7 23.06 23.09 23.00 1
15 0 23.08 23.07 23.01 1
1 0 23.00 23.02 23.01 1
1 7 23.18 23.02 23.05 0-1 1
1 14 23.10 23.20 23.12 1
16QAM 8 0 22.19 22.08 22.15 2
8 4 22.19 22.17 22.12 0-2 2
8 7 22.15 22.16 22.01 2
15 0 22.08 22.07 21.97 2
1 0 22.19 22.18 22.10 2
1 7 22.12 22.15 22.19 0-2 2
1 14 22.07 22.16 22.03 2
64Q0AM 8 0 21.09 21.07 21.03 3
8 4 21.16 21.18 21.00 0-3 3
8 7 21.05 21.12 20.97 3
15 0 21.08 21.10 20.96 3
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Table 1-26
LTE Band 25 (PCS) Maximum Conducted Powers - 1.4 MHz Bandwidth

LTE Band 25 (PCS)
1.4 MHz Bandwidth
Low Channel Mid Channel High Channel
) : 26047 26365 26683 MPR Allowed per
ietiEdEm | EREH | REeE (1850.7 MHz) (1882.5 MHz) (1914.3 MHz) 3GPP [dB]p LARELY
Conducted Power [dBm]
1 0 24.14 24.12 24.08 0
1 2 24.15 24.10 24.05 0
1 5 24.07 24.11 24.10 0 0
QPSK 3 0 2413 24.02 23.95 0
3 2 24.16 24.12 24.06 0
3 3 24.12 24.12 23.98 0
6 0 23.11 23.17 23.05 0-1 1
1 0 23.10 23.12 23.17 1
1 2 23.25 23.19 23.19 1
1 5 23.14 23.24 23.07 o1 1
16QAM 3 0 23.03 22.96 23.04 1
3 2 23.07 23.06 23.08 1
3 3 22.98 22.99 23.09 1
6 0 22.19 22.21 22.19 0-2 2
1 0 22.15 22.13 22.06 2
1 2 22.10 22.12 22.19 2
1 5 22.16 22.10 22.09 02 2
64QAM 3 0 22.07 22.01 22.00 2
3 2 22.11 22.21 22.03 2
3 3 22.07 22.15 21.99 2
6 0 21.07 21.16 21.04 0-3 3
Table 1-27

LTE Band 25 (PCS) Reduced Conducted Powers - Grip Sensor Mode Active - 15 MHz Bandwidth

LTE Band 25 (PCS)
15 MHz Bandwidth
Low Channel Mid Channel High Channel
. . 26115 26365 26615 MPR Allowed per
Modulation | RBSize | RB Offset (1857.5 MHz) (1882.5 MHz) (1907.5 MHz) 3GPP [dB]p AL
Conducted Power [dBm]
1 0 22.53 22.49 22.48 0
1 36 22.52 22.49 22.32 0 0
1 74 22.47 22.46 22.40 0
QPSK 36 0 22.53 22.47 22.36 0
36 18 22.55 22.50 22.34 0-1 0
36 37 22.55 22.52 22.41 0
75 0 22.58 22.57 22.43 0
1 0 22.95 22.87 22.75 0
1 36 22.88 22.75 22.64 0-1 0
1 74 22.87 22.73 22.55 0
16QAM 36 0 22.06 21.98 21.85 0.5
36 18 22.03 21.93 21.89 0-2 0.5
36 37 22.01 22.01 21.93 0.5
75 0 22.08 22.06 21.94 0.5
1 0 22.22 22.22 22.06 0.5
1 36 22.24 22.26 21.97 0-2 0.5
1 74 22.25 22.11 22.02 0.5
64QAM 36 0 21.07 20.96 20.87 1.5
36 18 21.05 20.93 20.85 0-3 1.5
36 37 21.04 21.00 20.91 1.5
75 0 21.00 21.01 20.91 1.5
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Table 1-28
LTE Band 25 (PCS) Reduced Conducted Powers - Grip Sensor Mode Active - 10 MHz Bandwidth

LTE Band 25 (PCS)
10 MHz Bandwidth
Low Channel Mid Channel High Channel
) : 26090 26365 26640 MPR Allowed per
Ncdulaticn ERES o ECieet (1855.0 MHz) (1882.5 MHz) (1910.0 MHz) 3GPP [dB]p L AR[EEY
Conducted Power [dBm]

1 0 22.66 22.56 22.61 0
7 25 22.56 20.43 22.51 0 0
] 49 2258 20.52 20.53 0

QPSK 25 0 22.62 22.46 22.44 0
25 12 22,54 22.50 22.45 o1 0
25 25 2258 22.43 22.41 0
50 0 2252 22.50 20.44 0
1 0 23.13 22.83 22.83 0
1 25 22.80 22.85 22.72 01 0
1 49 22.94 22.89 22.83 0

16QAM 25 0 22.05 21.99 21.91 05
25 12 21.99 22.00 21.89 02 05
25 25 22.04 21.92 21.93 05
50 0 22.00 21.99 21.90 05
1 0 22.26 22.20 21.92 05
1 25 2213 22.09 22.00 02 05
1 49 22.26 22122 22.06 05

64QAM 25 0 21.02 20.89 21.01 15
25 12 21.00 20.95 20.86 03 15
25 25 21.00 20.90 20.90 15
50 0 21.02 20.97 20.92 15

Table 1-29

LTE Band 25 (PCS) Reduced Conducted Powers - Grip Sensor Mode Active - 5 MHz Bandwidth

LTE Band 25 (PCS)
5 MHz Bandwidth
Low Channel Mid Channel High Channel
) ) 26065 26365 26665 MPR Allowed per
LMD | 9 || B (1852.5 MHz) (1882.5 MHz) (1912.5 MHz) 3GPP [dB] L AR[GLY
Conducted Power [dBm]

1 0 22.70 22.53 22.52 0
1 12 22,50 22.52 22.36 0 0
1 24 22.52 22,49 22.38 0

QPsK 12 0 22.63 22.42 22.44 0
12 6 22.57 22.50 22.41 o1 0
12 13 22.60 2242 22.37 0
25 0 22.61 2247 22.43 0
1 0 22.92 22.73 22.60 0
1 12 23.00 22.82 22.64 0-1 0
1 24 22.93 22.69 22.60 0

16QAM 12 0 2217 22.00 21.99 0.5
12 6 2218 22.01 21.98 02 0.5
12 13 2212 21.95 21.94 0.5
25 0 22.00 21.98 21.87 05
1 0 2224 22.07 21.67 0.5
1 12 22.07 22.00 22.02 0-2 05
1 24 22.09 22.00 21.99 0.5

64QAM 12 0 21.07 20.90 20.94 15
12 6 21.05 20.96 20.92 03 15
12 13 21.04 20.86 20.86 15
25 0 21.05 20.90 20.86 15
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Table 1-30
LTE Band 25 (PCS) Reduced Conducted Powers - Grip Sensor Mode Active - 3 MHz Bandwidth

LTE Band 25 (PCS)
3 MHz Bandwidth
Low Channel Mid Channel High Channel
) : 26055 26365 26675 MPR Allowed per
Ncdulaticn ERES o ECieet (1851.5 MHz) (1882.5 MHz) (1913.5 MHz) 3GPP [dB] L AR[EEY
Conducted Power [dBm]

1 0 22.57 22.40 22.38 0
7 7 22.62 22.49 20.42 0 0
1 14 22,51 22.40 20.23 0

QPSK 8 0 22.56 22.39 22.37 0
8 4 2257 20.45 22.36 o 0
8 7 22.54 22.41 22.31 0
15 0 22.55 22.44 22.32 0
1 0 22.79 22.68 22.56 0
1 7 22.90 22.78 22.64 01 0
] 14 22.79 22.70 22.54 0

16QAM 8 0 2217 21.98 21.99 05
8 4 2218 22.00 21.97 02 05
8 7 2213 21.99 21.84 05
15 0 22.07 21.91 21.93 05
1 0 22.23 22.04 22.09 05
] 7 22.24 22.09 22.01 02 05
1 14 22.21 22.02 22.00 0.5

64QAM 8 0 21.05 20.86 20.87 15
8 4 21.04 20.94 20.89 03 15
8 7 21.03 20.89 20.84 15
15 0 21.02 20.91 20.84 15

Table 1-31

LTE Band 25 (PCS) Reduced Conducted Powers - Grip Sensor Mode Active - 1.4 MHz Bandwidth

LTE Band 25 (PCS)
1.4 MHz Bandwidth
Low Channel Mid Channel High Channel
. . 26047 26365 26683 MPR Allowed per
Lestiliten || 88 || KBEks: (1850.7 MHz) (1882.5 MHz) (1914.3 MHz) 3GPP [dB]p (L AR[ELY
Conducted Power [dBm]

1 0 22.50 2242 22.47 0
1 2 22.50 22.40 22.50 0
1 5 22.50 22.39 22.41 o 0

QPSK 3 0 22.57 22.41 22.40 0
3 2 22.54 2243 22.44 0
3 3 22.51 22.40 22.36 0
6 0 2248 22.35 22.42 0-1 0
1 0 22.74 22,67 22.64 0
1 2 22.87 22.69 2272 0
1 5 22.76 22.63 22.63 04 0

160AM 3 0 22.58 22.51 22.61 0
3 2 22.59 22.53 22.71 0
3 3 22.58 2252 22.65 0
6 0 22.10 22.06 22.04 02 0.5
1 0 22.19 22.21 21.98 0.5
1 2 22.20 22.18 22.07 0.5
1 5 22.19 22.14 22.07 0.2 0.5

64QAM 3 0 22.09 22.10 21.90 0.5
3 2 22.11 22.14 22.01 0.5
3 3 22.08 22.05 21.97 0.5
6 0 20.99 20.99 20.89 03 15
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H.1.7

LTE Band 41

Table 1-32
LTE Band 41 PC3 Maximum Conducted Powers - 15 MHz Bandwidth
LTE Band 41
15 MHz Bandwidth
Low Channel Low-Mid Channel Mid Channel Mid-High Channel High Channel
Modulation | RBSize | RB Offset 39750 40185 40620 41055 41490 NERI A owedipey MPR [dB]
(2506.0 MHz) (2549.5 MHz) (2593.0 MHz) (2636.5 MHz) (2680.0 MHz) detrP
Ci d Power [dBm]
1 0 271 2291 22.62 2257 22.59 0
1 36 23.01 23.10 23.10 23.05 23.03 0 0
1 74 22.60 22.66 2.7 2253 22.46 0
aPsk 36 0 22.13 22.28 22.12 22.00 22.00 1
36 18 22.21 22.33 22.28 22.19 22.22 o 1
36 37 22.34 22.37 2227 22.25 22.42 1
75 0 22.24 22.37 2227 22.19 22.26 1
1 0 21.56 21.74 2151 21.50 2147 1
1 36 21.76 21.90 21.66 2177 21.78 0-1 1
1 74 21.35 21.42 21.46 21.44 21.43 1
16QAM 36 0 21.06 21.23 21.05 20.98 21.02 2
36 18 21.09 21.27 21.23 21.10 2147 02 2
36 37 21.25 21.36 21.31 21.23 2133 2
75 0 21.20 21.32 21.23 21.14 2117 2
1 0 2046 2057 20.46 2047 2043 2
1 36 20.72 20.84 20.85 20.73 20.75 0-2 2
1 74 2045 20.47 20.50 20.43 2048 2
64QAM 36 0 20.11 20.06 19.92 20.03 20.04 3
36 18 20.15 20.11 20.09 20.18 20.18 03 3
36 37 2012 20.17 20.16 2025 20.13 3
75 0 20.17 20.11 20.01 20.16 20.16 3
Table 1-33
LTE Band 41 PC3 Maximum Conducted Powers - 10 MHz Bandwidth
LTE Band 41
10 MHz Bandwidth
Low Channel Low-Mid Channel Mid Channel Mid-High Channel High Channel
Modulation | RBSize | RB Offset 39750 40185 40620 41055 41490 MR Slichedipey MPR [dB]
(2506.0 MHz) (2549.5 MHz) (2593.0 MHz) (2636.5 MHz) (2680.0 MHz) SCREI(CE]
Ci Power [dBm]
1 0 22.85 23.05 23.00 22.75 22.95 0
1 2 22.97 23.10 23.10 22.89 23.00 0 0
1 29 2291 23.07 22.81 22.81 22.96 0
apPsK 25 0 21.98 22.11 22.11 21.90 21.93 1
25 12 22.00 22.15 22.04 21.95 22.04 o 1
25 25 21.93 22.08 2217 21.90 21.92 1
50 0 21.95 22.08 22.20 21.89 21.87 1
1 0 21.87 21.84 21.98 21.78 21.84 1
1 25 21.71 21.81 21.90 2165 21.70 0-1 1
1 49 21.68 21.75 21.91 21.44 21.66 1
160AM 25 0 20.99 21.16 21.15 20.93 20.99 2
25 12 21.02 21.14 21.23 20.98 21.08 02 2
25 25 2094 21.08 21.18 20.90 2097 2
50 0 20.96 21.09 21.18 20.87 20.90 2
1 0 20.79 20.92 20.90 20.63 20.69 2
1 25 20.92 21.02 21.10 20.85 20.95 02 2
1 49 20.78 20.81 20.95 20.65 20.70 2
64QAM 25 0 20.11 20.23 20.24 20.03 20.11 3
25 12 20.10 20.25 20.36 20.08 20.16 03 3
25 25 20.08 20.19 20.34 20.04 20.08 3
50 0 20.15 20.29 20.38 20.09 20.10 3
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Table 1-34
LTE Band 41 PC3 Maximum Conducted Powers - 5 MHz Bandwidth

LTE Band 41
MHz Bandwidth
Low Channel Low-Mid Channel Mid Channel Mid-High Channel High Channel
Modulation | RBSize | RB Offset 39750 40185 40620 41055 41490 MPR Allowed per | ypp 14p)
(2506.0 MHz) (2549.5 MHz) (2593.0 MHz) (2636.5 MHz) (2680.0 MHz) SGPE [dB]
Cond i Power [dBm]
1 0 23.03 2311 23.09 22.97 22.99 0
1 12 23.04 23.02 23.12 22.85 22.97 0 0
1 24 22.94 23.02 23.09 22.82 22.89 0
QPsK [B 0 22.04 22.10 22.18 21.93 22.07 1
12 6 21.93 22.07 22.15 21.91 22.00 o1 1
12 13 21.96 22.07 2213 21.87 21.96 1
25 0 21.94 22.07 22.18 21.90 22.03 1
1 0 21.92 21.80 22.00 21.86 21.96 1
1 12 21.84 21.95 22.02 21.82 22.01 0-1 1
1 24 21.85 21.91 22.04 21.69 21.84 1
16QAM 12 0 21.15 21.20 21.20 21.06 21.20 2
12 6 21.05 21.18 21.18 21.02 2113 02 2
12 13 21.02 21.12 21.23 20.97 21.07 2
25 0 2117 21.12 21.19 2114 21.27 2
1 0 20.85 20.96 2092 20.76 20.89 2
1 12 21.06 21.08 21.18 20.94 21.16 02 2
1 24 20.74 20.84 20.96 20.65 20.84 2
64QAM 12 0 20.17 20.16 20.21 20.09 2022 3
12 6 20.02 20.18 20.18 20.03 20.15 03 3
12 13 20.03 20.13 20.14 19.97 20.04 3
25 0 20.10 20.21 2013 20.07 20.15 3
Table 1-35
LTE Band 41 PC2 Maximum Conducted Powers - 15 MHz Bandwidth
LTE Band 41
15 MHz Bandwidth
Low Channel Low-Mid Channel Mid Channel Mid-High Channel High Channel
Modulation | RBSize | RB Offset 39750 40185 40620 41055 41490 MPR Allowed per | yop 14
(2506.0 MHz) (2549.5 MHz) (2593.0 MHz) (2636.5 MHz) (2680.0 MHz) AP ]
C Power [dBm]
1 0 25.55 25.73 25.51 25.29 25.28 0
1 36 25.77 25.90 25.89 25.61 25.50 0 0
1 74 2548 2545 2547 25.35 2513 0
QPsK 3% 0 24.99 25.13 24.94 24.73 2473 1
36 18 25.01 25.15 25.12 24.77 2478 o1 1
36 37 25.07 25.24 25.19 24.87 24.87 1
75 0 25.03 25.20 25.07 24.75 24.71 1
1 0 24.56 24.70 24.35 24.25 24.46 1
1 36 24.79 24.90 24.67 24.52 24.48 01 1
1 74 24.45 24.64 24.41 24.41 24.59 1
16QAM 36 0 23.98 24.15 24.02 23.75 23.80 2
36 18 24.07 24.18 24.19 23.83 23.77 0 2
36 37 2411 24.25 24.21 23.75 23.84 2
75 0 24.09 24.17 24.14 23.83 23.78 2
1 0 23.71 23.83 23.89 2341 23.43 2
1 36 23.80 23.66 23.58 23.65 23.70 02 2
1 74 23.55 23.56 23.67 23.56 23.69 2
64QAM 36 0 23.03 23.25 23.23 22.84 22.43 3
36 18 23.13 23.24 23.21 22.94 22.88 03 3
36 37 23.13 23.31 23.27 22.98 22.91 3
75 0 23.01 23.27 23.17 22.89 22.86 3
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Table 1-36
LTE Band 41 PC2 Maximum Conducted Powers - 10 MHz Bandwidth

LTE Band 41
10 MHz Bandwidth
Low Channel Low-Mid Channel Mid Channel Mid-High Channel High Channel
Modulation | RBSize | RB Offset 39750 40185 40620 41055 41490 MER Allowed per | ypp 14p)
(2506.0 MHz) (2549.5 MHz) (2593.0 MHz) (2636.5 MHz) (2680.0 MHz) AP ]
C Power [dBm]
1 0 26.00 25.98 2545 25.33 25.39 0
1 25 26.07 26.21 25.69 25.71 2541 0 0
1 49 25.70 26.15 25.39 2541 25.49 0
QPsK 25 0 25.05 25.20 24.88 24.77 24.62 1
25 12 25.05 25.27 24.99 24.89 24.81 o1 1
25 25 24.97 25.15 24.98 24.71 24.80 1
50 0 24.95 25.21 25.00 24.82 24.61 1
1 0 24.64 25.12 24.49 24.15 24.55 1
1 25 2515 25.21 24.70 24.42 24.40 01 1
1 49 24.91 24.59 24.42 24.49 24.64 1
16QAM 25 0 23.96 24.18 24.00 23.89 24.00 2
25 12 24.01 2417 24.00 23.77 23.82 02 2
25 25 23.91 24.10 24.09 23.84 23.84 2
50 0 24.02 24.18 24.10 23.92 23.81 2
1 0 24.04 23.92 23.92 23.51 23.33 2
1 25 23.91 24.19 23.91 2354 23.52 02 2
1 49 24.04 24.21 23.55 23.32 2343 2
64QAM 25 0 23.12 23.32 23.13 22.76 2247 3
25 12 23.07 23.38 23.09 22.90 2278 03 3
25 25 23.14 23.25 23.02 22.94 22.88 3
50 0 23.10 23.29 23.00 22.80 22.70 3
Table 1-37
LTE Band 41 PC2 Maximum Conducted Powers - 5 MHz Bandwidth
LTE Band 41
MHz Bandwidth
Low Channel Low-Mid Channel Mid Channel Mid-High Channel High Channel
Modulation | RBSize | RB Offset 39750 40185 40620 41055 41490 [ AR LR e MPR [dB]
(2506.0 MHz) (2549.5 MHz) (2593.0 MHz) (2636.5 MHz) (2680.0 MHz) HEAPIEE
C d Power [dBm]
1 0 25.98 26.03 25.51 25.41 25.41 0
1 12 25.88 25.99 2552 25.61 25.33 0 0
1 24 25.62 26.00 25.29 25.52 25.36 0
QPsK 12 0 25.00 25.07 2473 24.55 24.89 1
12 6 2514 25.14 24.78 24.62 24.88 o 1
12 13 2511 25.26 24.91 24.68 24.80 1
25 0 25.00 2511 2478 24.50 24.71 1
1 0 25.15 25.16 24.86 24.49 24.25 1
1 12 25.05 25.20 2479 24.32 24.23 01 1
1 24 25.00 2514 24.66 24.37 24.31 1
16QAM 12 0 23.89 24.22 23.83 23.65 23.90 2
12 6 24.01 24.16 23.73 23.79 23.82 02 2
12 13 24.19 24.23 2377 23.72 23.78 2
25 0 24.16 24.00 23.84 23.76 23.74 2
1 0 24.15 2411 23.69 23.76 23.54 2
1 12 24.00 24.07 23.79 23.61 23.59 02 2
1 24 24.12 24.19 23.55 23.64 23.33 2
64QAM 12 0 2314 23.41 22.91 23.00 22.71 3
12 6 23.09 23.32 22.97 22.94 22.84 03 3
12 13 23.00 23.31 22.95 22.81 22.86 3
25 0 23.00 23.21 22.98 22,99 22.81 3
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Table 1-38

LTE Band 41 PC3 Reduced Conducted Powers — Hotspot - 15 MHz Bandwidth

LTE Band 41
15 MHz Bandwidth
Low Channel Low-Mid Channel Mid Channel Mid-High Channel High Channel
Modulation | RBSize | RB Offset 39750 40185 40620 41055 41490 A edlpe MPR [dB]
(2506.0 MHz) (2549.5 MHz) (2593.0 MHz) (2636.5 MHz) (2680.0 MHz) EER e
Cond d Power [dBm]
1 0 20.28 20.69 20.44 20.82 20.79 0
1 36 20.30 20.49 2056 20.38 20.40 0 0
1 74 20.38 20.67 20.38 20.46 2043 0
QPsk 36 0 20.33 20.66 20.67 20.61 2054 0
36 18 20.36 20.56 20.66 20.48 20.46 o 0
36 37 20.37 20.64 20.40 20.41 20.38 0
75 0 20.40 20.56 2052 20.50 20.48 0
1 0 20.37 20.54 2025 20.86 20.86 0
1 36 20.28 20.69 20.60 20.31 20.38 0-1 0
1 74 20.60 20.48 20.41 20.40 20.29 0
160AM 3% 0 20.20 20.53 20.57 20.46 2045 0
3% 18 20.31 20.62 20.55 20.44 20.38 02 0
36 37 20.39 20.60 20.30 20.38 20.36 0
75 0 20.40 20.59 20.50 2051 2038 0
1 0 20.00 20.40 20.05 20.47 20.50 0
1 36 19.98 20.27 20.35 20.02 19.99 0-2 0
1 74 20.11 20.25 20.00 20.06 20.10 0
640AM 36 0 20.01 20.11 20.26 20.17 20.13 0
36 18 19.93 20.18 20.26 20.01 20.04 05 0
36 37 19.92 20.19 20.00 20.05 19.86 0
75 0 20.00 20.22 20.13 20.15 20.08 0
Table 1-39
LTE Band 41 PC3 Reduced Conducted Powers - Hotspot - 10 MHz Bandwidth
LTE Band 41
10 MHz Bandwidth
Low Channel Low-Mid Channel Mid Channel Mid-High Channel High Channel
Modulation | RBSize | RB Offset 39750 40185 40620 41055 41490 L ARG MPR [dB]
(2506.0 MHz) (2549.5 MHz) (2593.0 MHz) (2636.5 MHz) (2680.0 MHz) SCREICB]
Conducted Power [dBm]
1 0 20.38 20.50 2057 20.67 20.49 0
1 25 20.25 20.50 20.53 20.44 2045 0 0
1 49 20.49 20.50 20.66 20.51 20.64 0
QPsK 25 0 20.44 20.59 20.60 20.50 2052 0
25 12 20.42 20.58 20.60 20.46 20.42 o 0
25 25 20.35 20.57 20.59 20.44 20.41 0
50 0 20.47 20.52 20.57 20.43 2037 0
1 0 20.50 20.59 20.65 20.54 2067 0
1 25 2023 20.36 20.53 20.47 20.41 0-1 0
1 49 2054 2057 2064 20.55 2056 0
16QAM 2 0 20.40 2055 20.67 20.50 2043 0
25 12 20.41 20.59 20.65 20.52 2045 02 0
25 25 20.37 20.63 20.56 20.51 2043 0
50 0 20.41 20.58 20.56 20.49 2043 0
1 0 20.17 20.27 20.39 20.09 20.15 0
1 25 20.02 20.15 20.20 20.10 20.07 0-2 0
1 49 20.07 20.23 20.29 20.18 20.29 0
64QAM 25 0 20.00 20.04 2023 20.07 20.06 0
25 12 19.97 20.09 20.22 20.09 19.96 03 0
25 25 20.04 20.10 20.12 19.97 19.97 0
50 0 20.01 20.13 20.20 20.14 19.93 0

12/17/20 - 02/02/21

Portable Handset

Reviewed by:
N PCTEST"
FCC ID: ZNFK735MM ﬂ\/ﬁ SAR EVALUATION REPORT @ LG Quality
Manager
Test Dates: DUT Type: APPENDIX H:

Page 21 of 22

© 2021 PCTEST




Table 1-40
LTE Band 41 PC3 Reduced Conducted Powers - Hotspot - 5 MHz Bandwidth

LTE Band 41
MHz Bandwidth
Low Channel Low-Mid Channel Mid Channel Mid-High Channel High Channel
Modulation | RBSize | RB Offset 39750 40185 40620 41055 41490 AR AL e MPR [dB]
(2506.0 MHz) (2549.5 MHz) (2593.0 MHz) (2636.5 MHz) (2680.0 MHz) ECRCE]
C d Power [dBm]
1 0 20.40 20.50 20.67 20,54 20.49 0
1 12 20.28 2047 20.77 2043 2057 0 0
1 24 20.35 20.52 20.64 20.36 20.38 0
QPSK 12 0 20.22 20.38 20.66 20.50 20.29 0
12 6 20.36 20.68 20.64 2043 20.30 o1 0
12 13 20.25 20.49 20,53 20.40 20.39 0
25 0 20.40 20.62 20.50 20.34 20.35 0
1 0 20.41 20.57 20.70 20.69 20.61 0
1 12 20.39 20.56 2051 20.50 20.36 01 0
1 24 20.39 2042 20.58 20.41 20.20 0
16QAM 12 0 2014 20.41 20.53 20.28 20.34 0
12 6 20.10 2044 20.52 20.27 20.25 02 0
12 13 20.18 20.33 20.49 2017 20.24 0
25 0 20.51 20.58 20.57 20.50 20.38 0
1 0 20.11 20.30 20.26 20.27 20.03 0
1 12 20.20 20.50 20.66 20.27 20.29 02 0
1 24 20.08 20.16 20.11 20.10 20.10 0
64QAM 12 0 19.88 2013 2023 20.05 19.93 0
12 6 19.90 20.01 20.11 19.96 19.95 03 0
12 13 19.82 19.91 19.99 19.85 19.95 0
25 0 19.90 20.01 20.23 20.05 19.92 0
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Calibration Laboratory of S,

g $ S Schweizerischer Kalibrierdienst

Schmid & Partner iﬁﬁh Service suisse d'Stalonnage
Engineering AG e //__—\\—\ c Servizio svizzero di taratura

Zeughausstrasse 43, 8004 Zurich, Switzerland {*/ TN S  swiss Calibration Service

Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Client

Cortcate No: D750V3-1003_Mar20

CALIBRATION CERTIFICATE

Object D750V3-8N:1003. " = . -

Calibration procedure(s) QA’fCAL-;OSy‘}‘] LR S -- - A
Calibration Procedure for SA Vahdatfon Sources-between 0 7 3'.GHz

Calibration date: March 16,2020 % 0 D e e \/
This calibration certificate documents the traceability to naticnal standards, which realize the physical units of measurements (sh.
The measurements and the uncertainties with confidence probability are given on the following pages and are part of the certificate.
All calibrations have been conducted in the closed laboratory facility: environment temperature (22 + 3)°C and humidity < 70%.

Calibration Equipment used {M&TE critical for callbration)

Primary Standards D # Cal Date (Certificate No.) Scheduled Calibration

Power meter NRP SN: 104778 03-Apr-19 (No. 217-02892/02893) Apr-20 ‘

Fower sensor NRP-Z91 SN: 103244 03-Apr-19 (No. 217-02892) Apr-20

Power sensor NRP-Z91 SN: 103245 03-Apr-19 (No. 217-02893) Apr-20

Reference 20 dB Attenuator SN: 5058 (20k) 04-Apr-19 (No. 217-02894) Apr-20

Type-N mismatch combination SN: 5047.2 /06327 04-Apr-19 {No. 217-02895) Apr-20

Reference Probe EX3DV4 SN: 7349 31-Dec-19 (No. EX3-7343 Dec19) Dec-20

DAE4 SN: 601 27-Dec-19 (No. DAE4-601_Dec19) Dec-20

Secondary Standards D # Check Date {in house) Scheduled Chack

Power meter E4419B SN: GB39512475 30-Oct-14 (in house check Feb-19) In house check: Oct-20

Power sensor HP 84814 SN: US37292783 07-Oct-15 {in house check Oct-18) In house check: Oct-20

Power sensor HP 8481A SN: MY41092317 07-Oct-15 (in house check Oct-18) In house check: Oct-20

RF generator R&S SMT-06 SN: 100972 15-Jun-15 (in house check Oct-18} In house check: Oct-20

Network Analyzer Agilent EB358A | SN: US41080477 31-Mar-14 (in house check Oct-19) in house check: Oct-20
Name Functlon Signature

Calibrated by: JetonKastraﬂ s R R : P RIE RN

boratory Technlcuan :

Approved by:

fssued: March 16, 2020

This calibration certificate shall not be reproduced except in full without written approval of the laboratory.

Certificate No: D750V3-1003_Mar20 Page 1 of 8
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Calibration Laboratory of \\\“\‘@’ %, Schweizerischer Kalibrierdienst
Schmid & Partner i‘i?ﬁ——//m}z Service suisse d'étalonnage
Engineering AG BN Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland “, "@‘\‘\\¢ Swiss Calibration Service
Accredited by lhe Swiss Accreditation Service (SAS) Accreditation No.; SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL/ NORM x,y,z

N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a) |EEE Std 1528-2013, “lEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, June 2013

b) |IEC 62209-1, “Measurement procedure for the assessment of Specific Absorption Rate
{(SAR} from hand-held and body-mounted devices used next to the ear {frequency range of
300 MHz to 6 GHz)”, July 2016

c) |IEC 62209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless
communication devices used in close proximity to the human body (frequency range of 30
MHz to 6 GHz)", March 2010

d) KDB 865664, “SAR Measurement Requirements for 100 MHz to 6 GHz"

Additionai Documentation:

e)

DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

Measurement Conditions: Further details are available from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequency indicated.
Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

Feed Point Impedance and Return Loss: These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measurement at the SMA connector to the feed point. The Return Loss ensures low
reflected power. No uncertainty required.

Electrical Delay: One-way delay between the SMA connector and the antenna feed point.
No uncertainty required.

SAR measured: SAR measured at the stated antenna input power.

SAR normalized: SAR as measured, normalized to an input power of 1 W at the antenna
connector.

SAR for nominal TSL parameters: The measured TSL parameters are used to calculate the
nominal SAR result.

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.

Certificate No: D750V3-1003_Mar20 Page 2 of 8




Measurement Conditions

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

DASY Version DASY5 V52.10.4
Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 15 mm with Spacer

Zoom Scan Resolution

dx, dy,dz =5 mm

Frequency

750 MHz + 1 MHz

Head TSL parameters

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 41.9 0.8% mho/m
Measured Head TSL parameters (22,0 £ 0.2} °C 425+6% 0.88 mho/m+6 %
Head TSL temperature change during test <0.5°C
SAR result with Head TSL
SAR averaged over 1 cm® {1 g) of Head TSL Condition

SAR measured

250 mW input power

217 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

8.78 Wikg £ 17.0 % (k=2)

SAR averaged over 10 cm® {10 g) of Head TSL

condition

SAR measured

250 mW input power

1.43 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

5.77 Wikg = 16.5 % (k=2)

Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 55.5 0.96 mho/m
Measured Body TSL parameters (22.0+£0.2) °C 547 +6 % 0.96 mho/m 6 %
Body TSL temperature change during test <0.5°C nemm e
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Caondition

SAR measured

250 mW input power

2.16 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

8.61 Wikg = 17.0 % (k=2)

SAR averaged over 10 cm® (10 g) of Body TSL

condition

SAR measured

250 mW input power

1.42 W/kg

SAHR for nominal Body TSL parameters

normalized to 1W

5.67 W/kg £ 16.5 % (k=2)

Certificate No: D750V3-1003_Mar20
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 549Q-01jQ

Return Loss -26.7dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 51.80-24iQ

Return Loss - 30.6 dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.043 ns

After long term use with 100W radiated power, only a slight warming of the dipole near the feedpoint can be measured.

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna is therefore shont-circuited for DC-signals. On some of the dipoles, smalt end caps
are added to the dipole arms in order to improve matching when loaded according to the position as explained in the
"Measurement Conditions" paragraph. The SAR data are not affected by this change. The overall dipole length is still
according to the Standard.

No excessive force must be applied to the dipole arms, because they might bend or the soldered connections near the
feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG

Certificate No: D750V3-1003_Mar20 Page 4 of 8



DASY5 Validation Report for Head TSL

Date: 16.03.2020
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 750 MHz; Type: D750V3; Serial: D750V3 - SN:1003

Communication System: UID 0 - CW; Frequency: 750 MHz

Medium parameters used: f = 750 MHz; ¢ = 0.88 S/m; g, = 42.5; p = 1000 kg/m3
Phantom section: Flat Section

Measurement Standard: DASY 5 (IEEE/IEC/ANSI C63.19-2011)

DASY52 Configuration:
s Probe: EX3DV4 - SN7349; ConvF(10.07, 10.07, 10.07) @ 750 MHz; Calibrated: 31.12.2019
¢ Sensor-Surface: 1.4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 27.12.2019
« Phantom: Flat Phantom 4.9 (front); Type: QD 00L P49 AA; Serial: 1001
» DASY5252.10.4(1527); SEMCAD X 14.6,14(7483)

Dipole Calibration for Head Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 60.72 V/m; Power Drift = -0.04 dB

Peak SAR (extrapolated) = 3.27 W/kg

SAR(1 g) = 2.17 W/kg; SAR(10 g) = 1.43 W/kg

Smallest distance from peaks to all points 3 dB below = 16.5 mm

Ratio of SAR at M2 to SAR at M1 = 66.2%

Maximum value of SAR (measured) = 2,90 W/kg

-6.00

-8.00

-10.00

0dB =2.90 W/kg = 4.62 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 16.03.2020
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 750 MHz; Type: D750V3; Serial: D750V 3 - SN:1003

Communication System: UID 0 - CW; Frequency: 750 MHz

Medium parameters used: f = 750 MHz; ¢ = 0.96 S/m; & = 54.7; p = 1000 kg/m?
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2011)

DASY52 Configuration;
¢ Probe: EX3DV4 - SN7349; ConvF(10.61, 10.61, 10.61)} @ 750 MHz; Calibrated: 31.12.2019
¢ Sensor-Surface: 1.4mm (Mechanical Surface Detection)
s FElectronics: DAE4 Sn601; Calibrated: 27.12.2019
» Phantom: Flat Phantom 4.9 (Back}); Type: QD 00R P49 AA; Serial: 1005
o DASYS5252.10.4(1527), SEMCAD X 14.6.14(7483)

Dipole Calibration for Body Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 57.60 V/m; Power Drift = -0.06 dB

Peak SAR (extrapolated) = 3.23 W/kg

SAR(1 g) = 2.16 W/kg; SAR(10 g) = 1.42 W/kg

Smallest distance from peaks to all points 3 dB below = 21.2 mm

Ratio of SAR at M2 to SAR at M1 = 66.6%

Maximum value of SAR (measured) = 2.87 W/kg

-4.00
-6.00

8 5.00

-10.00

0 dB =287 W/kg =4.58 dBW/kg
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzeriand

S Schwelzerischer Kalibrlerdienst

c Service sulsse d'étalonnage
Servizio svizzero di taratura

S Swiss Calibration Service

Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service Is one of the signatories to the EA
Multilateral Agreement for the recognition of callbration centificates

Client

Object

Calibration procedure(s)

Calibration date:
This calibration cerificate documents the traceabifity {o national standards, which realize the physical units of measurements (Sf). ?JN - ijlq
The measursments and the uncertainties with confldence probability are given on the following pages and are part of the certificate. 10~ i

Al calibrations have baen conducted In the closed laboratory facility: snvironment tamperature {22 * 3)°C and humidity < 70%.

Calibration Equipment used (METE critical for cafibration}

Ptimary Standards 1D # Cal Dats (Certificate No.) Scheduled Calibration

Powet meater NRP SN: 104778 04-Apr-18 (No. 217-02672/02673) Apr-19

FPower sensor NRP-Z91 SN: 103244 04-Apr-18 (No. 217-02672) . Apr-19

Power sensor NRP-Z31 SN: 103245 04-Apr-18 {No, 247-02673) Apr-19

Reference 20 dB Aftenuator SN: 5058 (20k) 04-Apr-18 (No. 217-026B2) Apr-19

Type-N mismatch combination SN: 5047.2/ 06327 04-Apr-18 (No. 217-02683) Apr-19

Reference Probe EX30V4 SN: 7349 30-Dec-17 {No. EX3-7349_Deci7) Dec-18

DAE4 SN: 801 : 04-Oct-18 (No. DAE4-601_0Oct18) Oct-19

Secondary Standards 10 # Check Date (in house) Scheduled Check

Power meter EFM-442A SN: GB37480704 07-Oct-15 {In house check Oct-18) In house checi: Oct-20

Power sensor HP 8481A SN: US37292783 07-Oct-15 (in housa chack Oct-18} In house check: Oct-20

Power sensor HP 8481A SN: MY41092317 07-Oct-15 (In house check Oct-18} In house check: Oct-20

RF generator A&S SMT-06 SN: 100972 15-Jun-15 (in hause check Oct-18} In house check: Oct-20

Network Analyzer Agilent E8358A | SN: US41080477 31-Mar-14 {in hause check Oct-18) In house checlc Oct-19
Name Functicn Signature

Calibrated by:

Approved by:

Issued: October 22, 2018

This calibration certificate shall not be reproduced except in fuli without written approval of the laboratory.

Certificate No: D750V3-1161_Qcti1§ Page 10f 8




Calibration Laboratory of S,

Schweijzerischer Kalibrierdienst

: £ %
Schmid & Partner ila\\-—é//m Service suisse d'étalonnage
Engineering AG NS Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland 4'/,, ,//-\\w\:“\ Swiss Calibration Service
mma
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.; SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multitateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL/ NORM x,y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:
a) IEEE Std 1528-2013, "IEEE Recommended Practice for Determining the Peak Spatial-

Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, June 2013

b) 1EC 62209-1, “Measurement procedure for the assessment of Specific Absorption Rate

(SAR) from hand-held and body-mounted devices used next to the ear (frequency range of
300 MHz to 6 GHz)”, July 2016

c) IEC 62209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless

communication devices used in close proximity to the human body (frequency range of 30
MHz to 6 GHz)", March 2010

d) KDB 865664, “SAR Measurement Requirements for 100 MHz to 6 GHz"

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

Measurement Conditions: Further details are available from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequency indicated.
Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallei to the body axis.

Feed Point Impedance and Return Loss: These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measurement at the SMA connector to the feed point. The Return Loss ensures low
reflected power. No uncertainty required.

Electrical Delay: One-way delay between the SMA connector and the antenna feed point.
No uncertainty required.

SAR measured: SAR measured at the stated antenna input power.

SAR normalized: SAR as measured, normalized to an input power of 1 W at the antenna
connector.

SAR for nominal TSL parameters: The measured TSL parameters are used to calculate the
nominal SAR result.

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.
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Measurement Conditions

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

DASY Version DASY5 v52.10.2

Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 15 mm with Spacer

Zoom Scan Resolution dx, dy,dz =5mm

Frequency 750 MHz + 1 MHz
Head TSL parameters

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 22.0°C 41.9 0.89 mho/m

Measured Head TSL parameters (22.0 +0.2) °C 408+6% 0.89 mho/m +6 %

Head TSL temperature change during test <0.5°C e -
SAR result with Head TSL

SAR averaged over 1 cm? (1 g) of Head TSL Condition

SAR measured 250 mW input power 2.02 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

8.03 W/kg =+ 17.0 % (k=2)

SAR averaged over 10 cm?® (10 g) of Head TSL

condition

SAR measured

250 mW input power

1.32 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

5.26 W/kg = 16.5 % (k=2)

Body TSL parameters

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 55.5 0.96 mho/m
Measured Body TSL parameters (22.0 £0.2) °C 551+6% 0.96 mho/m+6 %
Body TSL temperature change during test <05°C
SAR result with Body TSL
SAR averaged over 1 cm® {1 ¢) of Body TSL Condition
SAR measured 250 mW Input power 2.11 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

8.43 W/kg = 17.0 % (k=2)

SAR averaged over 10 cm® (10 g) of Body TSL

condition

SAR measured

250 mW input power

1.39 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

5.55 W/kg = 16.5 % (k=2)

Certificate No: D750V3-1161_0Oct18
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point B56Q-189jQ

Return Loss -25.0dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 506Q-42jQ

Return Loss -27.6dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.032 ns

After long term use with 100W radiated power, only a slight warming of the dipole near the feedpoint can be measured.

The dipole Is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order to improve matching when loaded according to the position as explained in the
"Measurement Conditions" paragraph. The SAR data are not affected by this change. The overall dipole length is stili
according to the Standard,

Mo excessive force must be applied to the dipole arms, because they might bend or the soldered connections near the
feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG

Manufactured on November 19, 2015

Certificate No: D750v¥3-1161_0Oct18 Page 4 of 8



DASYS5 Validation Report for Head TSL

Date: 19.10.2018

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 750 MHz; Type: D750V3; Serial: D750V3 - SN:1161

Communication System: UID 0 - CW; Frequency: 750 MHz

Medium parameters used: f = 750 MHz; ¢ = 0.89 S/m; & = 40.8; p = 1000 kg/m?
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2011)

DASYS52 Configuration:

Probe: EX3DV4 - SN7349; ConvF(10.22, 10.22, 10.22) @ 750 MHz; Calibrated: 30.12.2017
Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 04.10.2018

Phantom: Flat Phantom 4.9 (front); Type: QD 00L P49 AA; Serial: 1001

DASYS52 52.10.2(1495); SEMCAD X 14.6.12(7450)

Dipole Calibration for Head Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=Smm, dz=Smm

Reference Value = 58.51 V/m; Power Drift = -0.04 dB

Peak SAR (extrapolated) = 3.04 W/kg

SAR(1 g) = 2.02 W/kg; SAR(10 g) = 1.32 W/kg

Maximum value of SAR (measured) = 2.70 W/kg

-4.00

[ -0.00

-10.00

Certificate No: D750v3-1161_Cct18 Page 5 of 8




Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL

Date: 19.10.2018
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 750 MHz; Type: D750V 3; Serial: D750V 3 - SN:1161

Communication System: UID 0 - CW; Frequency: 750 MHz

Medium parameters used: f = 750 MHz; o = 0.96 S/m; & = 55.1; p = 1000 kg/m®
Phantom section: Flat Section

Measurement Standard: DASY 5 (IEEE/IEC/ANSI C63.19-2011)

DASYS52 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(10.19, 10.19, 10.19) @ 750 MHz; Calibrated: 30.12.2017

¢ Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 04.10.2018

Phantom: Flat Phantom 4.9 (Back); Type: QD OOR P49 AA; Serial: 1005

DASY52 52.10.2(1495); SEMCAD X 14.6.12(7450)

Dipole Calibration for Body Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 57.57 V/m; Power Drift = -0.02 dB

Peak SAR (extrapolated) = 3.18 W/kg

SAR(1 g) = 2.11 W/kg; SAR(10 g) = 1.39 W/kg

Maximum value of SAR (measured) = 2.83 W/kg

i -5.00

-10.00

0dB = 2.83 W/kg = 4.52 dBW/kg
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Impedance Measurement Plot for Body TSL
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PCTEST ENGINEERING LABORATORY, INC.

7185 Oakland Mills Road, Columbia, MD 21046 USA
Tel. +1.410.290.6652 / Fax +1.410.290.6654
http://www.pctest.com

Certification of Calibration

Object

Calibration procedure(s)

Extended Calibration date:

Description:

D750V3 — SN:1161
Procedure for Calibration Extension for SAR Dipoles.
October 18, 2019

SAR Validation Dipole at 750 MHz.

Calibration Equipment used:

Manufacturer Model Description Cal Date | CalInterval | Cal Due | Serial Number
Control Company 4040 Therm./Clock/Humidity Monitor 6/29/2019 Biennial 6/29/2021 192291470
Control Company 4352 Ultra Long Stem Thermometer 8/2/2018 Biennial 8/2/2020 181334684

Amplifier Research 1551G6 Amplifier CBT N/A CBT 433971
Narda 4772-3 Attenuator (3dB) CBT N/A CBT 9406
Keysight Technologies 85033E Standard Mechanical Calibration Kit (DC to 9GHz, 3.5mm) 7/2/2019 Annual 7/2/2020 MY53401181
Rohde & Schwarz ZNLE6 Vector Network Analyzer 10/11/2019 Annual 10/11/2020 101307
Mini-Circuits BW-N20W5+ DC to 18 GHz Precision Fixed 20 dB Attenuator CBT N/A CBT N/A
SPEAG DAKS-3.5 Portable Dielectric Assessment Kit 8/13/2019 Annual 8/13/2020 1041
Anritsu MA2411B Pulse Power Sensor 8/14/2019 Annual 8/14/2020 1315051
Anritsu MA2411B Pulse Power Sensor 8/8/2019 Annual 8/8/2020 1339008
Anritsu ML2495A Power Meter 11/20/2018 Annual 11/20/2019 1039008
Agilent N5182A MXG Vector Signal Generator 8/19/2019 Annual 8/19/2020 | MY47420837
Seekonk NC-100 Torque Wrench 5/9/2018 Biennial 5/9/2020 22217
Mini-Circuits NLP-2950+ Low Pass Filter DC to 2700 MHz CBT N/A CBT N/A
MiniCircuits ZHDC-16-63-S+ Bidirectional Coupler CBT N/A CBT N/A
MiniCircuits VLF-6000+ Low Pass Filter CBT N/A CBT N/A
SPEAG EX3DV4 SAR Probe 4/24/2019 Annual 4/24/2020 7357
SPEAG EX3DV4 SAR Probe 7/16/2019 Annual 7/16/2020 7410
SPEAG DAE4 Dasy Data Acquisition Electronics 7/11/2019 Annual 7/11/2020 1322
SPEAG DAE4 Dasy Data Acquisition Electronics 4/18/2019 Annual 4/18/2020 1407

Note: CBT (Calibrated Before Testing). Prior to testing, the measurement paths containing a cable, amplifier, attenuator, coupler or
filter were connected to a calibrated source (i.e. a signal generator) to determine the losses of the measurement path.

Measurement Uncertainty = +23% (k=2)

Name

Function

Signature

Calibrated By:

Brodie Halbfoster

Team Lead Engineer

_BARODTE f{ALBFOSTER

Approved By:

Kaitlin O’'Keefe

Senior Technical
Manager

Ko~

Object:
D750V3 — SN:1161

Date Issued:

10/18/2019
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DIPOLE CALIBRATION EXTENSION

Per KDB 865664 D01, calibration intervals of up to three years may be considered for reference dipoles
when it is demonstrated that the SAR target, impedance and return loss of a dipole have remained
stable according to the following requirements:

1. The measured SAR does not deviate more than 10% from the target on the calibration
certificate.
2. The return-loss does not deviate more than 20% from the previous measurement and meets the
required 20dB minimum return-loss requirement.
3. The measurement of real or imaginary parts of impedance does not deviate more than 5Q from
the previous measurement.
The following dipole was checked to pass the above 3 requirements to have 2-year calibration period
from the calibration date:

[too2018 | 1ommz2019 | 10s2 [ 161 [ 164 | 212% | 105 | 108 [ 2e6% [ ss6 [ s32 | 24 | 19 | 34 [ 15 [ 25 [ 268 | 7o | Pass |

10/19/2018

Object: Date Issued:
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Impedance & Return-Loss Measurement Plot for Head TSL
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Impedance & Return-Loss Measurement Plot for Body TSL
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PCTEST

7185 Oakland Mills Road, Columbia, MD 21046 USA
Tel. +1.410.290.6652 / Fax +1.410.290.6654

http://www.pctest.com

Object

Calibration procedure(s)

Extension Calibration date:

Description:

Certification of Calibration

D750V2 — SN: 1161

Procedure for Calibration Extension for SAR Dipoles.

10/18/2020

SAR Validation Dipole at 750 MHz.

Calibration Equipment used:

Manufacturer Model Description Cal Date | Cal Interval | Cal Due | Serial Number
Control Company 4040 Therm./Clock/Humidity Monitor 6/29/2019 Biennial 6/29/2021 192291470
Control Company 4352 Ultra Long Stem Thermometer 11/29/2018| Biennial 11/29/2020 181766816
Amplifier Research 1551G6 Amplifier CBT N/A CBT 433971

Narda 4772-3 Attenuator (3dB) CBT N/A CBT 9406
Agilent 85033E 3.5mm Standard Calibration Kit 6/6/2020 Annual 6/6/2021 MY53402352
Rohde & Schwarz ZNLE6 Vector Network Analyzer 9/29/2020 Annual 9/29/2021 101307
Mini-Circuits BW-N20W5+ DC to 18 GHz Precision Fixed 20 dB Attenuator CBT N/A CBT N/A
SPEAG DAK-3.5 Dielectric Assessment Kit 5/12/2020 Annual 5/12/2021 1070
Anritsu MA2411B Pulse Power Sensor 8/12/2020 Annual 8/12/2021 1207364
Anritsu MA2411B Pulse Power Sensor 9/22/2020 Annual 9/22/2021 1315051
Anritsu ML2495A Power Meter 1/15/2020 Annual 1/15/2021 1328004
Anritsu ML2495A Power Meter 12/17/2019 Annual 12/17/2020 941001
Agilent N5182A MXG Vector Signal Generator 5/13/2020 Annual 5/13/2021 | MY47420603
Pasternack NC-100 Torque Wrench 8/4/2020 Biennial 8/4/2022 N/A
Mini-Circuits NLP-2950+ Low Pass Filter DC to 2700 MHz CBT N/A CBT N/A
MiniCircuits ZHDC-16-63-S+ Bidirectional Coupler CBT N/A CBT N/A
SPEAG EX3DV4 SAR Probe 6/23/2020 Annual 6/23/2021 7406
SPEAG EX3DV4 SAR Probe 8/19/2020 Annual 8/19/2021 7547
SPEAG DAE4 Dasy Data Acquisition Electronics 8/12/2020 Annual 8/12/2021 1323
SPEAG DAE4 Dasy Data Acquisition Electronics 5/14/2020 Annual 5/14/2021 1583
Measurement Uncertainty = £23% (k=2)
Name Function Signature
Calibrated By: Brodie Halbfoster | Test Engineer BROPEE HaLBfoSTER.
i T ) . .
Approved By: Kaitlin O’Keefe Senior Technical N][,__
Manager
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DIPOLE CALIBRATION EXTENSION

Per KDB 865664 D01, calibration intervals of up to three years may be considered for reference dipoles
when it is demonstrated that the SAR target, impedance and return loss of a dipole have remained
stable according to the following requirements:

1. The measured SAR does not deviate more than 10% from the target on the calibration
certificate.
2. The return-loss does not deviate more than 20% from the previous measurement and meets the
required 20dB minimum return-loss requirement.
3. The measurement of real or imaginary parts of impedance does not deviate more than 5Q from
the previous measurement.
The following dipole was checked to pass the above 3 requirements to have 3-year calibration period
from the calibration date:

101912018 | 1011812020 7% | 105 [ 112 [ 646 | ss6 | se2 | 14 | a0 | a4 [ o5 [ 250 [ 274 | -osm | pass

10/19/2018 | 10/18/2020

Object: Date Issued:
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Impedance & Return-Loss Measurement Plot for Head TSL
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Impedance & Return-Loss Measurement Plot for Body TSL
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Engineering AG TS Servizio svizzero di taratura
. N NN S . .
Zeughausstrasse 43, 8004 Zurich, Switzerland A, !/-\\ o Swiss Callbration Service
42 ”|” A1)
Accredited by the Swiss Accreditation Service {SAS) Accreditation No.: SCS 0108

The Swiss Accreditatlon Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Client

Object

Galibration procedure(s)

Calibration date: 1) - 20 lC]
The measurements and the uncertaintios with confidence probatility are given on the foliowing pages and are part of the certificate.
All catibrations have been conducted in the closed laberatory faclilty: environment temperature {22 1 3)°C and humidity < 70%.

Calibration Equipment used {M&TE ciitical for calibration}

Primary Standards 1D # Cal Date (Cartificate No.) Scheduled Calibration
Power meter NRP SN: 104778 04-Apr-18 (No, 217-02672/02673) Apr-19

Power sensor NRP-Z91 8N: 103244 04-Apr-18 {Na. 217-02672) Apr-19

Powar sensor NRP-Z91 SN: 103245 04-Apr-18 {No. 217-02673) Apr-19

Reference 20 dB Aftenuator Sh: 5058 (20k) 04-Apr-18 (No. 217-02682) Apr-19

Type-N mismatch combination SN: 6047.2 / 08327 04-Apr-18 (No. 217-02683) Apr-18

Reference Probe EX3DV4 SN: 7349 31-Dec-18 (No. EX3-7349_Deci8) Dec-19

DAE4 8N: 601 04-Oct-18 (No, DAE4-601_Oct18) Oct-19

Secondary Standards 1D # Check Date (in hause) Scheduled Check
Power meter E4419B SN: GB39512475 07-0ct-15 (in house check Feb-19) In house check: Oct-20
Power sensor HP 8481A SN: US37292743 07-Oc¢t-15 (in house check Oct-18) In house check: Oci-20
Power sensor HF 8481A SN: MY41092317 07-0Oct-15 (in house check Oct-18) ' In house check: O¢i-20
RF generator R&S SMT-06 SN: 100972 15-Jun-15 (in house check Oct-18) in house check: Ccl-20
Network Analyzer Agilent EB3SBA  § SN: US41080477 31-Mar-14 (in house check Oct-18} In house check: Oci-18

Calibrated by:

Approved by:

issued: March 13, 2019

This calibration cartificate shall not be reproduced except in full without written approval of the laboratory.

Certificate No: D835V2-4d047_Mar19 Page 1 of 8
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Calibration Laboratory of S,
Schmid & Partner Py

Schweizerischer Kalibrierdienst
Service suisse d'étalonnage

o

fufg:“

Engineering AG =N Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland “, /ﬁ\\\\“ Swiss Calibration Service
LTI
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multiiateral Agreement for the recognition ot calibration certificates

Glossary:

TSL tissue simuiating fiquid

ConvF sensitivity in TSL / NORM x,y,z

N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a) IEEE Std 1528-2013, "IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, June 2013

b) IEC 62209-1, “Measurement procedure for the assessment of Specific Absorption Rate
(SAR) from hand-held and body-mounted devices used next to the ear (frequency range of
300 MHz to 6 GHz)", July 2016

¢} |IEC 62209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless
communication devices used in close proximity to the human body (frequency range of 30
MHz to 6 GHz)", March 2010

d) KDB 865664, “SAR Measurement Requirements for 100 MHz to 6 GHz"

Additional Documentation:

e)

DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

Measurement Conditions: Further details are available from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequency indicated.
Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

Feed Point Impedance and Return Loss: These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measurement at the SMA connector to the feed point. The Return Loss ensures low
reflected power. No uncertainty required.

Electrical Delay: One-way delay between the SMA connector and the antenna feed point.
No uncertainty required.

SAR measured: SAR measured at the stated antenna input power.

SAR normalized: SAR as measured, normalized to an input power of 1 W at the antenna
connector.

SAR for nominal TSL parameters: The measured TSL parameters are used to caiculate the
nominal SAR result.

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.

Certificate No: D835V2-4d047_Mar19 Page 2 of 8




Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASY5 Vv52.10.2
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy,dz =5 mm
Frequency 835 MHz + 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 41.5 0.90 mho/m
Measured Head TSL parameters (22.0+£0.2) °C 4196 % 0.91 mho/m + 6 %
Head TSL temperature change during test <0.5°C
SAR result with Head TSL
SAR averaged over 1 cm?® (1 g) of Head TSL Condition
SAR measured 250 mW input power 2.37 W/kg
SAR for nominal Head TSL parameters normalized to 1W 9.42 W/kg = 17.0 % (k=2)
SAR averaged over 10 cm?® (10 g) of Head TSL condition
SAR measured 250 mW input power 1.54 W/kg
SAR for nominal Head TSL parameters normalized to 1W 6.13 W/kg = 16.5 % (k=2)

Body TSL parameters

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 55.2 0.97 mho/m
Measured Body TSL parameters (22.0+0.2)°C 543+6 % 1.01 mho/m +6 %
Body TSL temperature change during test <0.5°C
SAR result with Body TSL
SAR averaged over 1 cm?® (1 g) of Body TSL Condition
SAR measured 250 mW input power 2.45W/kg

SAR for nominal Body TSL parameters normalized to 1W 9.47 W/kg + 17.0 % (k=2)

SAR averaged over 10 cm? (10 g) of Body TSL

condition

SAR measured

250 mW input power

1.61 Wikg

SAR for nominal Body TSL parameters

normalized o 1W

6.27 W/kg = 16.5 % (k=2)

Certificate No: D835V2-4d047_Mar19
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

impedance, transformed to feed point 51.40-26iQ

Return Loss -30.7 dB
Antenna Parameters with Body TSL

Impedance, transformed to feed point 46.80-6.1[Q

Return Loss -229dB
General Antenna Parameters and Design

Electrical Delay {one direction) 1.387 ns

After long term use with 100W radiated power, cnly a slight warming of the dipole near the feedpoint can be measured.

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order to improve matching when loaded according to the position as explained in the
"Measurement Conditions" paragraph. The SAR data are not affected by this change. The overall dipole length is still

according to the Standard.

No excessive force must be applied to the dipcle arms, because they might bend or the scldered connections near the

feedpoint may be damaged.

Additional EUT Data

Manufactured by

SPEAG

Certificate No: D835V2-4d047_Mar19
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DASY5 Validation Report for Head TSL

Date: 13.03.2019
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN:4d047

Communication System: UID O - CW; Frequency: 835 MHz

Medium parameters used: f = 835 MHz; 6 = 0.91 S/m; & = 41.9; p = 1000 kg/m?
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2011)

DASY52 Configuration:
¢ Probe: EX3DV4 - SN7349; ConvF(10, 10, 10) @ 835 MHz; Calibrated: 31.12.2018
o Sensor-Surface: 1.4mm (Mechanical Surface Detection)
e Electronics: DAE4 Sn601; Calibrated: 04.10.2018
» Phantom: Flat Phantom 4.9 (front); Type: QD 00L P49 AA; Serial: 1001
 DASYS5252.10.2(1495); SEMCAD X 14.6.12(7450)

Dipole Calibration for Head Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 62.48 V/m; Power Drift = -0.08 dB

Peak SAR (extrapolated) = 3.60 W/kg

SAR(1 g) = 2,37 W/kg; SAR(10 g) = 1.54 W/kg

Maximum value of SAR (measured) = 3.18 W/kg

0 dB = 3.18 W/kg = 5.02 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 13.03.2019

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN:4d047

Communication System: UID 0 - CW; Frequency: 835 MHz

Medium parameters used: f = 835 MHz; ¢ = 1.01 S/m; & = 54.3; p = 1000 kg/m®
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANST C63.19-2011)

DASYS52 Configuration:

Probe: EX3DV4 - SN7349; ConvF(10.15, 10,15, 10.15) @ 835 MHz; Calibrated: 31.12.2018
Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 04.10.2018

Phantom: Flat Phantom 4.9 (Back); Type: QD 00R P49 AA; Serial: 1005

DASYS52 52.10.2(1495); SEMCAD X 14.6.12(7450)

Dipole Calibration for Body Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 60.49 V/m; Power Drift = -0.02 dB

Peak SAR (extrapolated) = 3.58 W/kg

SAR(1 g) = 2.45 W/kg; SAR(10 g) = 1.61 W/kg

Maximum value of SAR (measured) = 3.23 W/kg

0 dB = 3.23 W/kg = 5.09 dBW/kg
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Impedance Measurement Plot for Body TSL

R R e e T

Y

N a1 17E pk
TR EE. 000000 MHz

Chta&wg= 20
: Start £33.000 biHz

| Tl H3R.000000 baHz

~ Step 103500 GHz

27643 0B

Ch 1 Awg = [20

Start £35.000 MHz

Stop 1.03500 GHz ¢

Certificate No: D835V2-4d047_Mar19 Page 8 of 8




PCTEST

7185 Oakland Mills Road, Columbia, MD 21046 USA
Tel. +1.410.290.6652 / Fax +1.410.290.6654
http://www.pctest.com

Certification of Calibration

Object

Calibration procedure(s)

Extension Calibration date:

Description:

D835V2 — SN: 4d047
Procedure for Calibration Extension for SAR Dipoles.
3/13/2020

SAR Validation Dipole at 835 MHz

Calibration Equipment used:

Manufacturer Model Description Cal Date | CalInterval | Cal Due | Serial Number
Control Company 4040 Therm./Clock/Humidity Monitor 6/29/2019 Biennial 6/29/2021 192291470
Control Company 4352 Ultra Long Stem Thermometer 8/2/2018 Biennial 8/2/2020 181334684

Amplifier Research 1551G6 Amplifier CBT N/A CBT 433971
Narda 4772-3 Attenuator (3dB) CBT N/A CBT 9406
Keysight Technologies 85033E Standard Mechanical Calibration Kit (DC to 9GHz, 3.5mm) 7/2/2019 Annual 7/2/2020 MY53401181
Rohde & Schwarz ZNLE6 Vector Network Analyzer 10/11/2019 Annual 10/11/2020 101307
Mini-Circuits BW-N20W5+ DC to 18 GHz Precision Fixed 20 dB Attenuator CBT N/A CBT N/A
SPEAG DAKS-3.5 Portable DAK 9/10/2019 Annual 9/10/2020 1045
Anritsu MA2411B Pulse Power Sensor 8/14/2019 Annual 8/14/2020 1315051
Anritsu MA2411B Pulse Power Sensor 8/8/2019 Annual 8/8/2020 1339008
Anritsu ML2495A Power Meter 12/17/2019 Annual 12/17/2020 941001
Agilent N5182A MXG Vector Signal Generator 8/19/2019 Annual 8/19/2020 | MY47420837
Seekonk NC-100 Torque Wrench 5/9/2018 Biennial 5/9/2020 22217
MiniCircuits ZHDC-16-63-S+ Bidirectional Coupler CBT N/A CBT N/A
MiniCircuits VLF-6000+ Low Pass Filter CBT N/A CBT N/A
SPEAG EX3DV4 SAR Probe 9/19/2019 Annual 9/19/2020 7551
SPEAG EX3DV4 SAR Probe 1/21/2020 Annual 1/21/2021 7488
SPEAG DAE4 Dasy Data Acquisition Electronics 9/17/2019 Annual 9/17/2020 1333
SPEAG DAE4 Dasy Data Acquisition Electronics 1/13/2020 Annual 1/13/2021 1530
. _ ) _
Measurement Uncertainty = +23% (k=2)
Name Function Signature
Calibrated By: Brodie Halbfoster Test Engineer BROPTE {aLBFOSTER.
i 1: y . .
Approved By: Kaitlin O’Keefe Senior Technical M]L._
Manager
Object: Date Issued:
Page 1 of 4
D835V2 — SN: 4d047 03/13/2020




DIPOLE CALIBRATION EXTENSION

Per KDB 865664 D01, calibration intervals of up to three years may be considered for reference dipoles
when it is demonstrated that the SAR target, impedance and return loss of a dipole have remained
stable according to the following requirements:

1. The measured SAR does not deviate more than 10% from the target on the calibration
certificate.
2. The return-loss does not deviate more than 20% from the previous measurement and meets the
required 20dB minimum return-loss requirement.
3. The measurement of real or imaginary parts of impedance does not deviate more than 5Q from
the previous measurement.
The following dipole was checked to pass the above 3 requirements to have 2-year calibration period
from the calibration date:

3132019 | 311312020 074% | 1226 | 120 [ oa% | 514 | 488 | 26 [ 26 [ 36 | 10 | 307 | 284 [ 760% [ Pass |

3/13/2019 | 3/13/2020

Object: Date Issued:
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Impedance & Return-Loss Measurement Plot for Head TSL
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Impedance & Return-Loss Measurement Plot for Body TSL
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Engineering AG e LR C Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzeriand 14.2/}_?‘-\\\\‘\3? S swiss Calibration Service
el

Acoredited by he Swiss Accreditation Service (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multilaterat Agreement for the recognition of calibralion certificates

Accreditation No.: SCS 0108

Cltent

P835V2:4d13

Object

Callbration procedurs(s)

Callbration date: ot I,
o ~20-2

This calibration certificate documenis the traceability to national standards, which realize the physical units of measurements {S1).
The measurements and the uncertainties with confidance probability are given on the folowing pages and-are part of the certificate.

All calibrations have bsen conducted in the closed laberatory facility: environment temparature (22 & 3)°C and humidity < 70%.

Calibration Equipment used {M&TE critical for calibratlion)

Calibrated by:

Approved by:

lName

Function

Primary Standards D # Cal Date {Certificate No.) Schaduled Callbration
Power mater NRP SN: 104778 04-Apr-18 (No, 217-02672/02673) Apr-18

Power sensor NRP-Z91 SN: 103244 04-Apr-18 (No. 217-02672) Apr-19

Powar sensor NRP-Z91 SN: 1032456 04-Apr-18 {No. 217-02673) Apr-19

Reference 20 dB Attenuator SN: 5058 {20k} 04-Apr-18 (No. 217-02682) Apr-19

Type-N misrnatch combination SN: 5047.2/7 06327 04-Apr-18 {No. 217-02683) Apr-19

Reference Probe EX3DV4 SN: 7349 30-Dec-17 (No. EX3-7349_Deci7) D=c-18

DAE4 SN: 601 04-Cct-18 {No. DAE4-801_0Oct18} Oct-19

Secondary Standards D # Check Pats {In house) Scheduled Chask
Power meter EPM-442A SN: GB374B0704 07-Oct-15 {in housa check Oct-18) In house check: Oct-20
Power sensor HP 8481A SN: US37292783 07-Oct-15 {in house check Oct-18) In house check: Cot-20
Power senscr HP 8481A SN: MY47092317 07-Oct-15 {in house check Oct-18) In house check: Oct-20
RF generalor R&S SMT-06 SM: 100972 15-Jun-16 (in house check Oct-18) In house check: Cet-20
Network Analyzer Agilent EB358A | SN: US41080477 31-Mar-14 {in house check Oct-18) In house check: Oct-19

This calibration certificate shali not be reproduced except In full without written approval of the laboratory.

Slgﬁature

Issued: October 22, 2018

Cenrtificate No: D835V2-4d133_0ctis
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Calibration Laboratory of

\\\\\"l”f"f/, N . A N
A Schweizerischer Kalibrierdienst

e

. RN
Schmid & Partner % Service suisse d'étalonnage
Engineering AG NS Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland NN Swiss Calibration Service

LA N
’II’J I Eu\\‘\“

Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories 1o the EA
Multilateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a) |[EEE Std 1528-2013, “IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, June 2013

b) IEC 62209-1, “Measurement procedure for the assessment of Specific Absorption Rate
(SAR) from hand-held and body-mounted devices used next to the ear (frequency range of
300 MHz to 6 GHz)”, July 2016

c) IEC 62209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless
communication devices used in close proximity to the human body (frequency range of 30
MHz to 6 GHz)", March 2010

d) KDB 865664, “SAR Measurement Requirements for 100 MHz to 6 GHz"

Additional Documentation:
e} DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

s Measurement Conditions: Further details are available from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequency indicated.

o Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

e Feed Point Impedance and Return Loss: These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measurement at the SMA connector to the feed point. The Return Loss ensures low
reflected power. No uncertainty required.

e Electrical Delay: One-way delay between the SMA connector and the antenna feed point.
No uncertainty required.

e SAR measured: SAR measured at the stated antenna input power.

o SAR normalized: SAR as measured, normalized to an input power of 1 W at the antenna
connector.

« SAR for nominal TSL parameters: The measured TSL parameters are used to calculate the
nominal SAR resuit.

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multipiied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.

Certificate No: DB35V2-4d133_0ct18 Page 2 of 8




Measurement Conditions
DASY system configuration, as far as not

iven on page 1.

DASY Version DASY5 V52.10.2
Extrapotation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 835 MHz + 1 MHz
Head TSL parameters
The tollowing parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 415 0.90 mho/m

Measured Head TSL parameters

(22.0 + 0.2) °C

406+6% 0.91 mho/m+6 %

Head TSL temperature change during test <05°C

SAR resuit with Head TSL

SAR averaged over 1 cm?® (1 g) of Head TSL Condition

SAHR measured

250 mW input power

2.39 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

9.43 W/kg + 17.0 % (k=2)

SAR averaged over 10 cm?® (10 g) of Head TSL condition

SAR measured

250 mW input power

1.54 W/kg

SAR tor nominal Head TSL parameters

normalized to 1W

6.10 W/kg = 16.5 % (k=2)

Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 55.2 0.97 mho/m
Measured Body TSL parameters (22.0 £0.2) °C 549x6% 0.98 mho/m £ 6 %
Body TSL temperature change during test <05°C
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 2.46 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

9.75 W/kg + 17.0 % (k=2)-

SAR averaged over 10 cm® (10 g) of Body TSL condition

SAR measured

250 mW input power

1.61 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

6.40 W/kg + 16.5 % (k=2)

Certificate No: D835V2-4d133_0ct18
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 506 2-2.4jQ

Return Loss -32.2 dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 45.0Q-6.7 jQ

Return Loss -211dB

General Antenna Parameters and Design

Electrical Delay {one direction) 1.397 ns

After long term use with 100W radiated power, only a slight warming of the dipole near the feedpoint can be measured.

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, smail end caps
are added to the dipole arms in order to improve matching when loaded according to the position as explained in the
“Measurement Conditions" paragraph. The SAR data are not affected by this change. The overall dipole length is stii}
according to the Standard.

No excessive force must be applied to the dipole arms, because they might bend or the soldered connections near the
feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG

Manufactured on July 22, 2011

Certificate No; DB35V2-4d133_0ct18 Page 4 of B




DASY5 Validation Report for Head TSL

Date: 19.10.2018
Test Laboratory: The name of your organization
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN:4d133

Communication System: UID 0 - CW; Frequency: 835 MHz.

Medium parameters used: f = 835 MHz; 6 = 0.91 S/m; & = 40.6; p = 1000 kg/m>
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2011)

DASYS52 Configuration:
» Probe: EX3DV4 - SN7349; ConvF(9.9, 9.9, 9.9) @ 835 MHz; Calibrated: 30.12.2017
» Sensor-Surface: 1.4mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn601; Calibrated: 04.10.2018
e Phantom: Flat Phantom 4.9 {front); Type: QD O0L P49 AA; Serial: 1001
« DASYS5252.10.2(1495); SEMCAD X 14.6.12(7450)

Dipole Calibration for Head Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 63.02 V/m; Power Drift = -0.02 dB

Peak SAR (extrapolated) = 3.68 W/kg

SAR(1 g) = 2.39 W/kg; SAR(10 g) = 1.54 W/kg

Maximum value of SAR (measured) = 3.24 W/kg

0dB =3.24 W/kg=5.11 dBW/kg

Certificate No: D835V2-4d133_0Oct18 Page 5 of 8




Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL

Date: 19.10.2018

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 -~ SN:4d133

Communication System: UID 0 - CW; Frequency: 835 MHz

Medium parameters used: f = 835 MHz; o = 0.98 S/m; & = 54.9; p = 1000 kg/m?
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2011)

DASYS52 Configuration:

Probe: EX3DV4 - SN7349; ConvF(10.05, 10,05, 10.05) @ 835 MHz; Calibrated: 30.12.2017
Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 04.10.2018

Phantom: Flat Phantom 4.9 (Back); Type: QD O0R P49 AA; Serial: 1005

DASY52 52,10.2(1495), SEMCAD X 14.6.12(7450)

Dipole Calibration for Body Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 61.61 V/m; Power Drift = -0.02 dB

Peak SAR (extrapolated) = 3.69 W/kg

SAR( g) = 2.46 W/kg; SAR(10 g) = 1.61 W/kg

Maximum value of SAR (measured) = 3.28 Wrkg

-4.00

-10.,00

0dB =3.28 W/kg = 5.16 dBW/kg
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impedance Measurement Plot for Body TSL
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PCTEST ENGINEERING LABORATORY, INC.

7185 Oakland Mills Road, Columbia, MD 21046 USA
Tel. +1.410.290.6652 / Fax +1.410.290.6654
http://www.pctest.com

Certification of Calibration

Object

Calibration procedure(s)

Extended Calibration date:

Description:

D835V2 — SN:4d133
Procedure for Calibration Extension for SAR Dipoles.
October 18, 2019

SAR Validation Dipole at 835 MHz.

Calibration Equipment used:

Manufacturer Model Description Cal Date | CalInterval | Cal Due | Serial Number
Control Company 4040 Therm./Clock/Humidity Monitor 6/29/2019 Biennial 6/29/2021 192291470
Control Company 4352 Ultra Long Stem Thermometer 8/2/2018 Biennial 8/2/2020 181334684

Amplifier Research 1551G6 Amplifier CBT N/A CBT 433971
Narda 4772-3 Attenuator (3dB) CBT N/A CBT 9406
Keysight Technologies 85033E Standard Mechanical Calibration Kit (DC to 9GHz, 3.5mm) 7/2/2019 Annual 7/2/2020 MY53401181
Rohde & Schwarz ZNLE6 Vector Network Analyzer 10/11/2019 Annual 10/11/2020 101307
Mini-Circuits BW-N20W5+ DC to 18 GHz Precision Fixed 20 dB Attenuator CBT N/A CBT N/A
SPEAG DAKS-3.5 Portable Dielectric Assessment Kit 8/13/2019 Annual 8/13/2020 1041
Anritsu MA2411B Pulse Power Sensor 8/14/2019 Annual 8/14/2020 1315051
Anritsu MA2411B Pulse Power Sensor 8/8/2019 Annual 8/8/2020 1339008
Anritsu ML2495A Power Meter 11/20/2018 Annual 11/20/2019 1039008
Agilent N5182A MXG Vector Signal Generator 8/19/2019 Annual 8/19/2020 | MY47420837
Seekonk NC-100 Torque Wrench 5/9/2018 Biennial 5/9/2020 22217
Mini-Circuits NLP-2950+ Low Pass Filter DC to 2700 MHz CBT N/A CBT N/A
MiniCircuits ZHDC-16-63-S+ Bidirectional Coupler CBT N/A CBT N/A
MiniCircuits VLF-6000+ Low Pass Filter CBT N/A CBT N/A
SPEAG EX3DV4 SAR Probe 9/19/2019 Annual 9/19/2020 7551
SPEAG EX3DV4 SAR Probe 4/24/2019 Annual 4/24/2020 7357
SPEAG DAE4 Dasy Data Acquisition Electronics 9/17/2019 Annual 9/17/2020 1333
SPEAG DAE4 Dasy Data Acquisition Electronics 4/18/2019 Annual 4/18/2020 1407

Note: CBT (Calibrated Before Testing). Prior to testing, the measurement paths containing a cable, amplifier, attenuator, coupler or
filter were connected to a calibrated source (i.e. a signal generator) to determine the losses of the measurement path.

Measurement Uncertainty = +23% (k=2)

Name

Function

Signature

Calibrated By:

Brodie Halbfoster

Team Lead Engineer

_BAROVTE f{ALBFOSTER

Approved By:

Kaitlin O’'Keefe

Senior Technical
Manager

Ko~

Object:
D835V2 — SN:4d133

Date Issued:

10/18/2019
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DIPOLE CALIBRATION EXTENSION

Per KDB 865664 D01, calibration intervals of up to three years may be considered for reference dipoles
when it is demonstrated that the SAR target, impedance and return loss of a dipole have remained
stable according to the following requirements:

1. The measured SAR does not deviate more than 10% from the target on the calibration
certificate.
2. The return-loss does not deviate more than 20% from the previous measurement and meets the
required 20dB minimum return-loss requirement.
3. The measurement of real or imaginary parts of impedance does not deviate more than 5Q from
the previous measurement.
The following dipole was checked to pass the above 3 requirements to have 2-year calibration period
from the calibration date:

101912018 | 10/18/2019 | 1.307 7.64% 820% | 506 [ 495 | 11 | 24 | 32 | o8 [ 322 [ 298 [ 750%

10/19/2018

Object: Date Issued:
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Impedance & Return-Loss Measurement Plot for Head TSL
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Impedance & Return-Loss Measurement Plot for Body TSL
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PCTEST

7185 Oakland Mills Road, Columbia, MD 21046 USA
Tel. +1.410.290.6652 / Fax +1.410.290.6654
http://www.pctest.com

Certification of Calibration

Object

Calibration procedure(s)

D835V2 — SN: 4d133

Procedure for Calibration Extension for SAR Dipoles.

Extension Calibration date: 10/18/2020

Description:

SAR Validation Dipole at 835 MHz.

Calibration Equipment used:

Manufacturer Model Description Cal Date | CalInterval | Cal Due | Serial Number
Control Company 4040 Therm./Clock/Humidity Monitor 6/29/2019 Biennial 6/29/2021 192291470
Control Company 4352 Ultra Long Stem Thermometer 11/29/2018| Biennial 11/29/2020 181766816
Amplifier Research 1551G6 Amplifier CBT N/A CBT 433971

Narda 4772-3 Attenuator (3dB) CBT N/A CBT 9406
Agilent 85033E 3.5mm Standard Calibration Kit 6/6/2020 Annual 6/6/2021 MY53402352
Rohde & Schwarz ZNLE6 Vector Network Analyzer 9/29/2020 Annual 9/29/2021 101307
Mini-Circuits BW-N20WS5+ DC to 18 GHz Precision Fixed 20 dB Attenuator CBT N/A CBT N/A
SPEAG DAK-3.5 Dielectric Assessment Kit 5/12/2020 Annual 5/12/2021 1070
Anritsu MA2411B Pulse Power Sensor 8/12/2020 Annual 8/12/2021 1207364
Anritsu MA2411B Pulse Power Sensor 9/22/2020 Annual 9/22/2021 1315051
Anritsu ML2495A Power Meter 1/15/2020 Annual 1/15/2021 1328004
Anritsu ML2495A Power Meter 12/17/2019 Annual 12/17/2020 941001
Agilent N5182A MXG Vector Signal Generator 5/13/2020 Annual 5/13/2021 | MY47420603
Pasternack NC-100 Torque Wrench 8/4/2020 Biennial 8/4/2022 N/A
Mini-Circuits NLP-2950+ Low Pass Filter DC to 2700 MHz CBT N/A CBT N/A
MiniCircuits ZHDC-16-63-S+ Bidirectional Coupler CBT N/A CBT N/A
MiniCircuits VLF-6000+ Low Pass Filter CBT N/A CBT N/A
SPEAG EX3DV4 SAR Probe 1/21/2020 Annual 1/21/2021 3589
SPEAG EX3DV4 SAR Probe 12/11/2019 Annual 12/11/2020 7570
SPEAG DAE4 Dasy Data Acquisition Electronics 3/12/2020 Annual 3/12/2021 1368
SPEAG DAE4 Dasy Data Acquisition Electronics 6/23/2020 Annual 1/13/2021 1558

Measurement Uncertainty = £23% (k=2)

Name Function Signature
Calibrated By: Brodie Halbfoster | Test Engineer _BROPTE Al BFOSTER.
Approved By: Kaitlin O’Keefe Senior Technical NM“
Manager
Object: Date Issued:
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DIPOLE CALIBRATION EXTENSION

Per KDB 865664 D01, calibration intervals of up to three years may be considered for reference dipoles
when it is demonstrated that the SAR target, impedance and return loss of a dipole have remained
stable according to the following requirements:

1. The measured SAR does not deviate more than 10% from the target on the calibration
certificate.
2. The return-loss does not deviate more than 20% from the previous measurement and meets the
required 20dB minimum return-loss requirement.
3. The measurement of real or imaginary parts of impedance does not deviate more than 5Q from
the previous measurement.
The following dipole was checked to pass the above 3 requirements to have 3-year calibration period
from the calibration date:

101912018 | 1011812020 1886 492% | 06 [ 494 | 12 | 24 | a5 [ oo [ 32 [ 357 ] 1000% PASS

10/19/2018
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Impedance & Return-Loss Measurement Plot for Head TSL

Trel S11 dBMag 5dB/Ref-20dB Cal Offs e g
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—_— I
F-5 ——
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-15
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Ch1 Center 835 MHz Pwr -10dBm Bw 10kHz Span 400 MHz
Tre2 $11 Smith 200 mU/Ref 1U Cal Offs oo 2
1 835.000000 MHz 45381 Q
§1.488 Q
128.113138 pF
0
Ch1 Center 835MHz Pwr -10dBm Bw 10kHz Span 400 MHz
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Impedance & Return-Loss Measurement Plot for Body TSL

Trel $11 dBMag 5dB/Ref-20dB Cal Offs oo 1w
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= Servizio svizzero di taratura
Zeughausstrassa 43, 8004 Zurich, Switzerland iﬁk Swiss Calibration Service
2
Accradited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accredifalion Service is one of the signatories to the EA
Multiateral Agreemernt for the recognition of cafibration certificates

Calibralion date:

This calibration certificate documents the fraceability to national standards, which realize the physical units of measurements (Si}. {)Cl 2‘0‘1 ﬁ{-ﬁ-
The measurertents and the uncertainties with confidence probabilty are glven on the foliowing pages and are part of the cerlificate.

All calibrations bave been conducted in the closed labaretory fackity: anvironment temparature (22 + 3)°C and humidity < 70%.

Calibration Equipment used (M&TE critleat for calibration}

Prmary Standards D& Cal Date (Centificate No.) Scheduled Calibration !
Power meter NRP SN: 104778 D4-Apr-18 (No, 217-02672/02673) Apr-13 i
Power sensor NRP-Z91 SN: 103244 04-Apr-18 (No. 217-02672) Apr-13
Power sengor NRF-Z81 SN: 103245 04-Apr-18 (No. 217-02673) Apr-19 ;
Reference 20 dB Attenuator SN: 5058 (20k) 04-Apr-18 (No. 217-02682) Apr-18 :
Type«N mismateh combiration SN: 5047.2 /06327 O4-Aps-18 (No. 217-02683) Apy-19
Reference Probe EX3DV4 Sh; 7349 30-Dec-17 (No. EX3-7349_Dect?) Dac-18 :
DAE4 SN: 601 26-Qct-17 {No. DAEA-601_Oct1T) Oct-18 ;
Secondary Standards ID# Chack Dats {in houss) Scheduled Check
Fower meter EPM-342A SN: GB37480704 07-Oct+15 {in house check Ocl-16) In house chack: Qct-18
Power sensor HF B481A SN: US37292783 07-Cct-15 {in house check Ocl-16) In house check: Oct-18 <
Power sensor HP B4B1A SN; MY45082317 07-Qcl-15 (in housa chack Oct-16) in house cheak: Oat+18

RF ganerator R&S SMT-06 SN: 100972 15-Jun-15 {in house check Cct-16) In house check: Oct-18 i
Nelwork Analyzer HP 8753E SN: US37390585 18-Oct01 (in houss check Oct-17) In houss chack: Oct-18 !

i, Funch Signature
Calibrated by: i =

Approved by:

issusd: May 23, 2018

This calibration certificate shall not be reproduced except In full withowt wiitten approval of Ihe laboratory.
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Calibration Laboratory of S,
Schmid & Partner )

Engineering AG 3IacNRA

S Schweizerischer Kalibrierdienst
c Service suisse d'étalonnage
S

TG Servizio svizzero di taratura

Zeughausstrasse 43, 8004 Zurich, Switzerland ?/,, ///-\\\\\\:‘\ Swiss Calibration Service
Enm

Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a)

b)

c)

d)

|IEEE Std 1528-2013, “IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, June 2013

IEC 62209-1, “Measurement procedure for the assessment of Specific Absorption Rate
(SAR) from hand-held and body-mounted devices used next to the ear (frequency range of
300 MHz to 6 GHz)”, July 2016

IEC 62209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless
communication devices used in close proximity to the human body (frequency range of 30
MHz to 6 GHz)", March 2010

KDB 865664, “SAR Measurement Requirements for 100 MHz to 6 GHz”

Additional Documentation:

e)

DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

Measurement Conditions: Further details are available from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequency indicated.
Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

Feed Point Impedance and Return Loss: These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measurement at the SMA connector to the feed point. The Return Loss ensures low
reflected power. No uncertainty required.

Electrical Delay: One-way delay between the SMA connector and the antenna feed point.
No uncertainty required.

SAR measured: SAR measured at the stated antenna input power.

SAR normalized: SAR as measured, normalized to an input power of 1 W at the antenna
connector.

SAR for nominal TSL parameters: The measured TSL parameters are used to caiculate the
nominal SAR result.

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.

Certificate No: D1765V2-1008_May18 Page 2 of 11




Measurement Conditions

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

DASY Version DASY5 V52.10.1

Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution dx, dy, dz = 5.0 mm

Frequency 1750 MHz £ 1 MHz
Head TSL parameters

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 22.0°C 40.1 1.37 mho/m

Measured Head TSL parameters (22.0+0.2)°C 39.0+x6% 1.34 mho/m + 6 %

Head TSL temperature change during test <0,5°C - -
SAR result with Head TSL

SAR averaged over 1 cm® (1 g) of Head TSL Condition

SAR measured 250 mW input power 8.94 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

36.2 W/kg = 17.0 % (k=2)

SAR averaged over 10 cm?® {10 g) of Head TSL

condition

SAR measured

250 mW input power

4.71 Wkg

SAR for nominal Head TSL parameters

normalized to 1W

19.0 Wikg = 16.5 % (k=2)

Body TSL parameters

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 53.4 1.49 mho/m
Measured Body TSL parameters (22.0 £0.2) °C B3.2+6% 1.46 mho/m += 6 %
Body TSL temperature change during test <05°C s uee-
SAR result with Body TSL
SAR averaged over 1 cm® {1 g) of Body TSL Condition
SAR measured 250 mW input power 9.21 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

37.4 Wikg + 17.0 % (k=2)

SAR averaged over 10 cm?® (10 g) of Body TSL condition

SAR measured

250 mW input power

4.92 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

19.9 W/kg = 16.5 % (k=2)

Certificate No: D1765V2-1008_May18
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 4770Q-65iQ

Return Loss -23.0dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 433 Q-6.0jQ

Return Loss -20.3dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.210 ns

After long term use with 100W radiated power, only a slight warming of the dipole near the feedpoint can be measured.

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order to improve matching when loaded according to the position as explained in the
"Measurement Conditions" paragraph. The SAR data are not affected by this change. The overall dipole length is still
according to the Standard.

No excessive force must be applied to the dipole arms, because they might bend or the soldered connections near the
feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG

Manufactured on October 06, 2005
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Appendix (Additional assessments outside the scope of SCS 0108)

Measurement Conditions
DASY system configuration, as far as not g

iven on page 1 and 3.

Phantom

SAM Head Phantom

For usage with cSAR3DV2-R/L

SAR result with SAM Head (Top)

SAR averaged over 1 cm?® (1 g) of Head TSL

Condition

SAR measured

250 mW input power

9.26 W/kg

SAR for nominal Head TSL parameters

normalized fo 1W

37.4 Wikg 2 17.5 % (k=2)

SAR averaged over 10 cm® (10 g) of Head TSL

condition

SAR measured

250 mW input power

4.95 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

19,9 W/kg + 16.9 % (k=2)

SAR result with SAM Head (Mouth)

SAR averaged over 1 cm? (1 g) of Head TSL

Condition

SAR measured

250 mW input power

9.47 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

38.2 W/kg £17.5 % (k=2)

SAR averaged over 10 cm?® (10 g) of Head TSL

condition

SAR measured

250 mW input power

5.06 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

20.4 W/kg * 16.9 % (k=2)

SAR resuit with SAM Head (Neck)

SAR averaged over 1 cm?® (1 g) of Head TSL

Condition

SAR measured

250 mW input power

9.26 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

37.4 Wikg = 17.5 % (k=2)

SAR averaged over 10 cm® (10 g) of Head TSL

condition

SAR measured

250 mW input power

5.02 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

20.2 W/kg = 16.9 % (k=2)

SAR result with SAM Head (Ear)

SAR averaged over 1 em® (1 g) of Head TSL

Condition

SAR measured

250 mW input power

7.12 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

28.7 W/kg x 17.5 % (k=2)

SAR averaged over 10 em? (10 g} of Head TSL

condition

SAR measured

250 mW input power

4.01 Wkg

SAR for nominal Head TSL parameters

normalized to 1W

16.1 Wikg x 16.9 % (k=2)

Certificate No: D1765V2-1008_May18
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DASY5 Validation Report for Head TSL

Date: 15.05.2018
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1765 MHz; Type: D1765V2; Serial: D1765V2 - SN:1008

Communication System: UID 0 - CW; Frequency: 1750 MHz

Medium parameters used: f = 1750 MHz; ¢ = 1.34 S/m; & = 39; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS5 (IEEE/IEC/ANSI C63.19-2011)

DASY52 Configuration;
e Probe: EX3DV4 - SN7349; ConvE(8.5, 8.5, 8.5) @ 1750 MHz; Calibrated: 30.12.2017
* Sensor-Surface: 1.4mm (Mechanical Surface Detection)
s Electronics: DAE4 Sn601; Calibrated: 26.10.2017
¢ Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA; Serial: 1001
« DASYS52 52.10.1(1476); SEMCAD X 14.6.11(7439)

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 106.6 V/m; Power Drift = -0,02 B

Peak SAR (extrapolated) = 16.4 W/kg

SAR(1 g) = 8.94 W/kg; SAR(10 g) = 4.71 W/kg

Maximum value of SAR (measured) = 13.8 W/kg

0dB =13.8 W/kg = 11.40 dBW/kg
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Impedance Measurement Plot for Head TSL
15 May 26818 11:19:28
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DASY5 Validation Report for Body TSL

Date: 15.05.2018
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1765 MHz; Type: D1765V2; Serial: D1765V2 - SN:1008

Communication System: UID 0 - CW; Frequency: 1750 MHz

Medium parameters used: f = 1750 MHz; ¢ = 1.46 S/m; & = 53.2; p = 1000 kg/m*
Phantom section: Flat Section

Measurement Standard; DASYS (IEEE/IEC/ANSI C63.19-2011)

DASY52 Configuration:

» Probe: EX3DV4 - SN7349; ConvF(8.35, 8.35, 8.35) @ 1750 MHz; Calibrated: 30.12.2017

Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 26.10.2017

Phantom: Flat Phantom 5.0 (back); Type: QD 000 P50 AA; Serial: 1002

DASYS52 52.10.1(1476); SEMCAD X 14.6.11(7439)

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 102.4 V/m; Power Drift = -0.06 dB

Peak SAR (extrapolated) = 16.1 W/kg

SAR(1 g) = 9.21 W/kg; SAR(10 g) = 4.92 W/kg

Maximum value of SAR (measured) = 13.7 W/kg

0 dB = 13.7 W/kg = 11,37 dBW/kg
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Impedance Measurement Plot for Body TSL
15 May 2018 11:18:17
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DASY5 Validation Report for SAM Head

Date: 23.05.2018
Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 1765 MHz; Type: D1765V2; Serial: D1765V2 - SN:1008

Communication System: UID 0 - CW; Frequency: 1750 MHz
Medium parameters used: f = 1750 MHz, 6 = 1.37 S/m; & = 41.8; p = 1000 kg/m*
Measurement Standard: DASYS (IEEE/TEC/ANSI C63.19-2011)

DASYS52 Configuration:
e Probe: EX3DV4 - SN7349; ConvF(8.5, 8.5, 8.5) @ 1750 MHz; Calibrated; 30.12.2017
» Sensor-Surface: 1.4mm (Mechanical Surface Detection)
¢ Electronics: DAE4 Sn601; Calibrated: 26.10.2017
¢ Phantom: SAM Head

o DASYS52 52.10.1(1476); SEMCAD X 14.6.11(7439)

SAM/Head/Top/Zoom Scan (7x7x7)/Cube 0: Mcasurement grid; dx=5mm, dy=5mm, dz=5mm
Reference Value = 105.8 V/m; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 16.4 W/kg

SAR(1 g) = 9.26 W/kg; SAR(10 g) = 4.95 W/kg

Maximum value of SAR (measured) = 13.9 W/kg

SAM/Head/Mouth/Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=5mm, dy=3mm, dz=5mm
Reference Value = 104.2 V/m; Power Drift = -0.04 dB

Peak SAR (extrapolated) = 16.6 W/kg

SAR(1 g) =9.47 W/kg; SAR(10 g) = 5.06 W/kg

Maximum value of SAR {(measured) = 13.7 W/kg

SAM/Head/Neck/Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 104.7 V/m; Power Drift = 0.02 dB

Peak SAR (extrapolated) = 15.8 W/kg

SAR(1 g) =9.26 W/kg; SAR(10 g) = 5.02 W/kg

Maximum value of SAR (measured) = 13.8 W/kg

SAM/Head/Ear/Zoom Scan (7x7x7)/Cube 0: Mecasurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 90.46 V/m; Power Drift = -0.02 dB

Peak SAR (extrapolated) = 11.8 W/kg

SAR(1 g) =7.12 W/kg; SAR(10 g) = 4.01 W/kg

Maximum value of SAR (measured) = 10.3 W/kg
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PCTEST ENGINEERING LABORATORY, INC.

7185 Oakland Mills Road, Columbia, MD 21046 USA
Tel. +1.410.290.6652 / Fax +1.410.290.6654
http://www.pctest.com

Certification of Calibration

Object D1765V2 — SN: 1008

Calibration procedure(s) Procedure for Calibration Extension for SAR Dipoles.
Extension Calibration date: 5/17/2019
Description: SAR Validation Dipole at 1750 MHz.

Calibration Equipment used:

Manufacturer Model Description Cal Date | CalInterval | Cal Due | Serial Number
Agilent 8753ES S-Parameter Network Analyzer 3/11/2019 Annual 3/11/2020 US39170122
Agilent N5182A MXG Vector Signal Generator 11/28/2018 Annual 11/28/2019| MY47420603

Amplifier Research 1551G6 Amplifier CBT N/A CBT 433971
Anritsu MA2411B Pulse Power Sensor 11/20/2018 Annual 11/20/2019 1027293
Anritsu MA2411B Pulse Power Sensor 10/30/2018 Annual 10/30/2019 1126066
Anritsu ML2495A Power Meter 10/21/2018 Annual 10/21/2019 941001

Control Company 4040 Therm./ Clock/ Humidity Monitor 10/9/2018 Biennial 10/9/2020 181647811
Control Company 4352 Ultra Long Stem Thermometer 6/6/2018 Biennial 6/6/2020 181334678
Keysight 772D Dual Directional Coupler CBT N/A CBT MY52180215
Keysight Technologies 85033E Standard Mechanical Calibration Kit (DC to 9GHz, 3.5mm) 6/4/2018 Annual 6/4/2019 MY53401181
MiniCircuits VLF-6000+ Low Pass Filter CBT N/A CBT N/A
Mini-Circuits BW-N20W5+ DC to 18 GHz Precision Fixed 20 dB Attenuator CBT N/A CBT N/A
Narda 4772-3 Attenuator (3dB) CBT N/A CBT 9406
Pasternack PE2209-10 Bidirectional Coupler CBT N/A CBT N/A
Seekonk NC-100 Torque Wrench 7/11/2018 Annual 7/11/2019 N/A
SPEAG EX3DV4 SAR Probe 6/25/2018 Annual 6/25/2019 7409
SPEAG DAE4 Dasy Data Acquisition Electronics 6/18/2018 Annual 6/18/2019 1334
SPEAG EX3DV4 SAR Probe 2/19/2019 Annual 2/19/2020 3914
SPEAG DAE4 Dasy Data Acquisition Electronics 2/14/2019 Annual 2/14/2020 1272
SPEAG DAK-3.5 Dielectric Assessment Kit 9/11/2018 Annual 9/11/2019 1091

Measurement Uncertainty = +23% (k=2)

Name Function Signature

Calibrated By: Brodie Halbfoster Test Engineer BROPIE {ALBFOSTER.

Approved By: Kaitlin O’Keefe Senior Technical ML_
Manager
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DIPOLE CALIBRATION EXTENSION

Per KDB 865664 D01, calibration intervals of up to three years may be considered for reference dipoles
when it is demonstrated that the SAR target, impedance and return loss of a dipole have remained
stable according to the following requirements:

1. The measured SAR does not deviate more than 10% from the target on the calibration
certificate.
2. The return-loss does not deviate more than 20% from the previous measurement and meets the
required 20dB minimum return-loss requirement.
3. The measurement of real or imaginary parts of impedance does not deviate more than 5Q from
the previous measurement.
The following dipole was checked to pass the above 3 requirements to have 2-year calibration period
from the calibration date:

5232018 | 5/17/2019 028% | 19 | 192 | 105% | 477 [ 47 | o7 | 65 | 6 | o5 | 23 | 23 | -120% PASS

5/23/2018 5/17/2019
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Impedance & Return-Loss Measurement Plot for Head TSL
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Impedance & Return-Loss Measurement Plot for Body TSL
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PCTEST

7185 Oakland Mills Road, Columbia, MD 21046 USA

http://www.pctest.com

Tel. +1.410.290.6652 / Fax +1.410.290.6654

Object

Certification of Calibration

Calibration procedure(s)

Extension Calibration date:

Description:

Calibration Equipment used:

D1765V2 — SN: 1008

Procedure for Calibration Extension for SAR Dipoles.

5/23/2020

SAR Validation Dipole at 1750 MHz.

Manufacturer Model Description Cal Date | CalInterval | Cal Due | Serial Number
Control Company 4040 Therm./Clock/Humidity Monitor 6/29/2019 Biennial 6/29/2021 192291470
Control Company 4352 Ultra Long Stem Thermometer 8/2/2018 Biennial 8/2/2020 181334684

Amplifier Research 1551G6 Amplifier CBT N/A CBT 433971
Narda 4772-3 Attenuator (3dB) CBT N/A CBT 9406
Keysight Technologies 85033E Standard Mechanical Calibration Kit (DC to 9GHz, 3.5mm) 7/2/2019 Annual 7/2/2020 MY53401181
Rohde & Schwarz ZNLE6 Vector Network Analyzer 10/11/2019 Annual 10/11/2020 101307
Mini-Circuits BW-N20W5+ DC to 18 GHz Precision Fixed 20 dB Attenuator CBT N/A CBT N/A
SPEAG DAKS-3.5 Portable DAK 9/10/2019 Annual 9/10/2020 1045
Anritsu MA2411B Pulse Power Sensor 8/14/2019 Annual 8/14/2020 1315051
Anritsu MA2411B Pulse Power Sensor 8/8/2019 Annual 8/8/2020 1339008
Anritsu ML2495A Power Meter 12/17/2019 Annual 12/17/2020 941001
Agilent N5182A MXG Vector Signal Generator 8/19/2019 Annual 8/19/2020 | MY47420837
Seekonk NC-100 Torque Wrench (8" Ib) 5/23/2018 Biennial 5/23/2020 22217
MiniCircuits ZHDC-16-63-S+ Bidirectional Coupler CBT N/A CBT N/A
MiniCircuits VLF-6000+ Low Pass Filter CBT N/A CBT N/A
SPEAG EX3DV4 SAR Probe 4/21/2020 Annual 4/21/2021 7357
SPEAG EX3DV4 SAR Probe 7/16/2019 Annual 7/16/2020 7410
SPEAG DAE4 Dasy Data Acquisition Electronics 7/11/2019 Annual 7/11/2020 1322
SPEAG DAE4 Dasy Data Acquisition Electronics 3/12/2020 Annual 3/12/2021 1368
. _ ) _
Measurement Uncertainty = +23% (k=2)
Name Function Signature
Calibrated By: Brodie Halbfoster Test Engineer BROPTE {aLBFOSTER.
i 1: y . .
Approved By: Kaitlin O’Keefe Senior Technical M]L._
Manager
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DIPOLE CALIBRATION EXTENSION

Per KDB 865664 D01, calibration intervals of up to three years may be considered for reference dipoles
when it is demonstrated that the SAR target, impedance and return loss of a dipole have remained
stable according to the following requirements:

1. The measured SAR does not deviate more than 10% from the target on the calibration
certificate.
2. The return-loss does not deviate more than 20% from the previous measurement and meets the
required 20dB minimum return-loss requirement.
3. The measurement of real or imaginary parts of impedance does not deviate more than 5Q from
the previous measurement.
The following dipole was checked to pass the above 3 requirements to have 3-year calibration period
from the calibration date:

5232018_| 52312020 083% | o0 [ 194 [ 211% | a7 | 459 | 19 | 65 [ 61 | o4 | 23 | 223 [ 310% [ Pass |

5/23/2018
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Impedance & Return-Loss Measurement Plot for Head TSL

Trcl S11 dBMag 5dB/Ref-20dB Cal Offs oo T~
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[
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-15
20 dB — <
F-25
-30
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-45
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Trc2 S11 Smith 200 mU/Ref 1U Cal Offs oo 2w
+1 1.750000 GHz 45.846 Q
6.084 O
14.948412 pF
Ch1 Center 1.75GHz Pwr -10dBm Bw 10kHz Span 400 MHz
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Impedance & Return-Loss Measurement Plot for Body TSL

Trcl S11 dBMag 5dB/Ref-20dB Cal Offs oo T~
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1 1.750000 GHz 43.658 Q

j4.812 0
18.898387 pF
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Pwr -10dBm Bw 10kHz

Ch1 Center 1.75GHz
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Schmid & Partner
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o

Schweizerischer Kalibrierdienst

e,
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e
jﬁ% c Service sulsse d'étalonnage
Engineering AG N Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland K% //;f—"‘\\\\\\\‘t‘ S  Swiss Calibration Service
el

Accredited by the Swiss Accreditation Service (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreament for the recognition of calibration certificates

Accreditation No.: SCS 0108

o::D1750V2-1150_:0ct18.

Callbration procedura(s)

Calibration date:

{October.22; 201

Caiibration Equipment used {M&TE critical for calibration)

This calibration certificate documents the traceability to national standards, which realize the physical units of measurements {Sl).
The measurements and the uncertainties with confidence probabllity are given on the following pages and are part of the certificate.

Ali calibrations have been conducted in the closed laboratory facility: environment temperature (22 + 3)°C and humidity < 70%.

fzol2t

Pind
s-90 ~2014

Powsar sensor HP 84814

Power sensor HP B4B1A

RF generator R&S SMT-06
Natwork Analyzer Agilent EB358A

Calibrated by:

Approved by:

SN: US37292783
SN: MY41092317
SN: 100972

SN: US41080477

Name

Primary Standards D# Cal Data (Cartiflcate No.) Scheduled Calbration
Power meter NRP SN: 104778 04-Apr-18 {No. 217-02672/02673) Apr-19

Power sensor NRP-Z91 SN: 103244 04-Apr-1B {No. 217-02672) Apr-19

Power sensor NRP-291 SN: 103245 04-Apr-18 (No. 217-02673) Apr-19

Reference 20 dB Attenuator SN: 5058 {20k} 04-Apr-18 (No. 217-02682) Apr-19

Type-N mismatch combination SN: 5047.2 / 06327 04-Apr-18 (No, 217-02683) Apr-19

Reference Probe EX3DV4 Sh: 7349 30-Dec-17 (No. EX3-7349_Dac17} Dec-18

DAE4 SN: 601 04-Oct-18 (No. DAE4-601_Oct18) Oct-19

Secondary Standards 1D # Check Date {in house) Scheduled Check
Power meter EPM~442A SN: GB3748C704 07-Qct-15 (in house check Qct-18}

07-Qct-15 (In house check Oct-18}
07-0c¢t-15 {in house check Oct-18}
15-Jun-15 {in house check Oct-18)
31-Mar-14 (in houss check Oct-18)

Function

This calibration certiflcate shali not be reproduced except in full without writien approval of the laboralory,

In house check: Oct-20
In house check: Oct-20
In house checlc Oct-20
In house checlc Oct-20
in house check: Oct-19

Signatire L

Issued: October 22, 2018

Certificate No: D1750v2-1150_Oct18
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Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzetland

S Schweizerischer Kalibrierdienst
Service suisse d'étalonnage

C Servizio svizzero di taratura

S Swiss Calibration Service

Accredited by the Swiss Accredilation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a) |EEE Std 1528-2013, “|EEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, June 2013

b) IEC 62209-1, “Measurement procedure for the assessment of Specific Absorption Rate
(SAR) from hand-held and body-mounted devices used next to the ear (frequency range of

- 300 MHz to 6 GHz)”, July 2016

c) |IEC 62209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless
communication devices used in close proximity to the human body (frequency range of 30
MHz to 6 GHz)", March 2010

d) KDB 865664, “SAR Measurement Requirements for 100 MHz to 6 GHZz"

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

e Measurement Conditions: Further details are available from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequency indicated.

e Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

e Feed Point Impedance and Return Loss: These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measurement at the SMA connector to the feed point. The Return Loss ensures low
reflected power. No uncertainty required.

e Electrical Delay: One-way delay between the SMA connector and the antenna feed point.
No uncertainty required.

SAR measured: SAR measured at the stated antenna input power.
SAR normalized: SAR as measured, normalized to an input power of 1 W at the antenna
connector.

« SAR for nominal TSL parameters: The measured TSL parameters are used to calculate the
nominal SAR result.

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 85%.

Certificate No: D1750V2-1150_0ct18 Page 2 cf 8




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

DASY Version DASY5 V52.10.2

Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution dx, dy, dz =5 mm

Frequency 1750 MHz £ 1 MHz
Head TSL parameters

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 22.0°C 40.1 1.37 mho/m

Measured Head TSL parameters (22.0+£0.2) °C 388+6% 1.33 mho/m + 6 %

Head TSL temperature change during test <0.5°C
SAR result with Head TSL

SAR averaged over 1 cm® (1 g) of Head TSL Condition

SAR measured 250 mW input power 9.02 W/kg

SAR for nominal Head TSL parameters normalized to 1W 36.5 W/ka + 17.0 % (k=2)

SAR averaged over 10 cm?® (10 g) of Head TSL condition

SAR measured 250 mW input power 4.76 W/kg

19.2 Wikg = 16.5 % (k=2)

SAR for nominal Head TSL parameters normalized to 1W

Body TSL parameters

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 53.4 1.49 mho/m
Measured Body TSL parameters (22.0+0.2}°C 535+6% 1.46 mho/m +6 %
Body TSL temperature change during test <0.5°C - o
SAR result with Body TSL
SAR averaged over 1 cm® (1 g} of Body TSL Condition
SAR measured 250 mW input power 9.04 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

36.6 W/kg = 17.0 % (k=2}

SAR averaged over 10 cm® (10 g) of Body TSL

condition

SAR measured

250 mW input power

4.82 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

19.4 W/kg + 16.5 % (k=2)

Certificate No: D1750V2-1150_0ct18
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

impedance, transformed to feed paint 50.9Q-04ijQ

Return Loss -40.1 dB

Antenna Parameters with Body TSL

Impedance, transformed to feed paint 46.6Q-01jQ

Return Loss -29.2dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.217 ns

After long term use with 100W radiated power, only a slight warming of the dipole near the feedpoint can be measured.

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order to improve matching when loaded according to the position as explained in the
"Measurement Conditions" paragraph. The SAR data are not affected by this change. The overall dipole length is still
according to the Standard.

No excessive force must be applied to the dipole arms, because they might bend or the soldered connections near the
feedpaint may be damaged.

Additional EUT Data

Manufactured by SPEAG

Manufactured on April 10, 2015

Certificate No: D1750V2-1150_0Cct18 Page 4 of 8



DASY5 Validation Report for Head TSL

Date: 22.10.2018
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1750 MHz; Type: D1750V2; Serial: D1750V2 - SN:1150

Communication System: UID 0 - CW; Frequency: 1750 MHz

Medium parameters used: f = 1750 MHz; ¢ = 1.33 S/m; €, = 38.8; p = 1000 kg/m?
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2011)

DASY52 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(8.5, 8.5, 8.5) @ 1750 MHz; Calibrated: 30.12.2017
+ Sensor-Surface: 1.4mm (Mechanical Surface Detection)
¢ Electronics: DAE4 Sn601; Calibrated: 04,10.2018
o Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA; Serial: 1001

« DASYS52 52.10.2(1495); SEMCAD X 14.6.12(7450)

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 108.1 V/m; Power Drift = -0.09 dB

Peak SAR (extrapolated) = 16.7 W/kg

SAR(1 g) =9.02 W/kg; SAR(10 g) =4.76 W/kg

Maximum value of SAR (measured) = 14.0 W/kg

0dB =140 W/kg=11.46 dBW/kg

Certificate No: D1750V2-1150_0Oct18 Page50of 8




Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL

Date: 22.10.2018

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 1750 MHz; Type: D1750V2; Serial: D1750V2 - SN:1150

Communication System: UID 0 - CW; Frequency: 1750 MHz

Medium parameters used: f = 1750 MHz; ¢ = 1.46 S/m; & = 53.5; p = 1000 kg/m®
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2011)

DASY52 Configuration:

Probe: EX3DV4 - SN7349; ConvF(8.35, 8.35, 8.35) @ 1750 MHz; Calibrated: 30.12.2017
Sensor-Surface: 1.4mm (Mechamical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 04.10.2018

Phantom: Flat Phantom 5.0 (back}; Type: QD 000 P50 AA; Serial: 1002

DASY52 52.10.2(1495), SEMCAD X 14.6.12(7450)

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 102.1 V/m; Power Drift = -0.09 dB

Peak SAR (extrapolated) = 16.0 W/kg

SAR(1 g) = 9.04 W/kg; SAR(10 g) = 4.82 W/kg

Maximum value of SAR (measured) = 13.6 W/kg

0dB =13.6 Wrkg = 11.34 dBW/kg
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Impedance Measurement Plot for Body TSL
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PCTEST ENGINEERING LABORATORY, INC.

7185 Oakland Mills Road, Columbia, MD 21046 USA
Tel. +1.410.290.6652 / Fax +1.410.290.6654

http://www.pctest.com

Object

Certification of Calibration

Calibration procedure(s)

Extended Calibration date:

Description:

Calibration Equipment used:

D1750V2 — SN:1150

Procedure for Calibration Extension for SAR Dipoles.

October 18, 2019

SAR Validation Dipole at 1750 MHz.

Manufacturer Model Description Cal Date | CalInterval | Cal Due | Serial Number
Control Company 4040 Therm./Clock/Humidity Monitor 6/29/2019 Biennial 6/29/2021 192291470
Control Company 4352 Ultra Long Stem Thermometer 8/2/2018 Biennial 8/2/2020 181334684

Amplifier Research 1551G6 Amplifier CBT N/A CBT 433971
Narda 4772-3 Attenuator (3dB) CBT N/A CBT 9406
Keysight Technologies 85033E Standard Mechanical Calibration Kit (DC to 9GHz, 3.5mm) 7/2/2019 Annual 7/2/2020 MY53401181
Rohde & Schwarz ZNLE6 Vector Network Analyzer 10/11/2019 Annual 10/11/2020 101307
Mini-Circuits BW-N20W5+ DC to 18 GHz Precision Fixed 20 dB Attenuator CBT N/A CBT N/A
SPEAG DAKS-3.5 Portable Dielectric Assessment Kit 8/13/2019 Annual 8/13/2020 1041
Anritsu MA2411B Pulse Power Sensor 8/14/2019 Annual 8/14/2020 1315051
Anritsu MA2411B Pulse Power Sensor 8/8/2019 Annual 8/8/2020 1339008
Anritsu ML2495A Power Meter 11/20/2018 Annual 11/20/2019 1039008
Agilent N5182A IMXG Vector Signal Generator 8/19/2019 Annual 8/19/2020 | MY47420837
Seekonk NC-100 Torque Wrench 5/9/2018 Biennial 5/9/2020 22217
Mini-Circuits NLP-2950+ Low Pass Filter DC to 2700 MHz CBT N/A CBT N/A
MiniCircuits ZHDC-16-63-S+ Bidirectional Coupler CBT N/A CBT N/A
MiniCircuits VLF-6000+ Low Pass Filter CBT N/A CBT N/A
SPEAG EX3DV4 SAR Probe 8/16/2019 Annual 8/16/2020 7308
SPEAG EX3DV4 SAR Probe 4/24/2019 Annual 4/24/2020 7357
SPEAG DAE4 Dasy Data Acquisition Electronics 4/18/2019 Annual 4/18/2020 1407
SPEAG DAE4 Dasy Data Acquisition Electronics 8/14/2019 Annual 8/14/2020 1450

Note: CBT (Calibrated Before Testing). Prior to testing, the measurement paths containing a cable, amplifier, attenuator, coupler or
filter were connected to a calibrated source (i.e. a signal generator) to determine the losses of the measurement path.

Measurement Uncertainty = +23% (k=2)

Name

Function

Signature

Calibrated By:

Brodie Halbfoster

Team Lead Engineer

_BAROPTE f{nL BFOSTER

Approved By:

Kaitlin O’'Keefe

Manager

Senior Technical

Ko~

Object:
D1750V2 — SN:1150

10/18/2019

Date Issued:
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DIPOLE CALIBRATION EXTENSION

Per KDB 865664 D01, calibration intervals of up to three years may be considered for reference dipoles
when it is demonstrated that the SAR target, impedance and return loss of a dipole have remained
stable according to the following requirements:

1. The measured SAR does not deviate more than 10% from the target on the calibration
certificate.
2. The return-loss does not deviate more than 20% from the previous measurement and meets the
required 20dB minimum return-loss requirement.
3. The measurement of real or imaginary parts of impedance does not deviate more than 5Q from
the previous measurement.
The following dipole was checked to pass the above 3 requirements to have 2-year calibration period
from the calibration date:

10222018 | torei20t9 | 1217 | ses | 38 | a4t [ o2 [ 2 | amw | s0o | 493 | 16 [ o4 [ o7 [ 11 | 401 | w2 | -02% [ pass |

10/22/2018
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Impedance & Return-Loss Measurement Plot for Head TSL
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Impedance & Return-Loss Measurement Plot for Body TSL
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PCTEST

7185 Oakland Mills Road, Columbia, MD 21046 USA
Tel. +1.410.290.6652 / Fax +1.410.290.6654
http://www.pctest.com

Certification of Calibration

Object

Calibration procedure(s)

D1750V2 — SN: 1150

Procedure for Calibration Extension for SAR Dipoles.

Extension Calibration date: 10/18/2020

Description:

SAR Validation Dipole at 1750 MHz.

Calibration Equipment used:

Manufacturer Model Description Cal Date | Cal Interval | Cal Due | Serial Number
Control Company 4040 Therm./Clock/Humidity Monitor 6/29/2019 Biennial 6/29/2021 192291470
Control Company 4352 Ultra Long Stem Thermometer 11/29/2018| Biennial 11/29/2020 181766816

Amplifier Research 1551G6 Amplifier CBT N/A CBT 433971
Narda 4772-3 Attenuator (3dB) CBT N/A CBT 9406
Agilent 85033E 3.5mm Standard Calibration Kit 6/6/2020 Annual 6/6/2021 MY53402352

Rohde & Schwarz ZNLE6 Vector Network Analyzer 9/29/2020 Annual 9/29/2021 101307
Mini-Circuits BW-N20W5+ DC to 18 GHz Precision Fixed 20 dB Attenuator CBT N/A CBT N/A
SPEAG DAK-3.5 Dielectric Assessment Kit 5/12/2020 Annual 5/12/2021 1070
Anritsu MA2411B Pulse Power Sensor 8/12/2020 Annual 8/12/2021 1207364
Anritsu MA2411B Pulse Power Sensor 9/22/2020 Annual 9/22/2021 1315051
Anritsu ML2495A Power Meter 1/15/2020 Annual 1/15/2021 1328004
Anritsu ML2495A Power Meter 12/17/2019 Annual 12/17/2020 941001
Agilent N5182A MXG Vector Signal Generator 5/13/2020 Annual 5/13/2021 | MY47420603
Pasternack NC-100 Torque Wrench 8/4/2020 Biennial 8/4/2022 N/A
Mini-Circuits NLP-2950+ Low Pass Filter DC to 2700 MHz CBT N/A CBT N/A
MiniCircuits ZHDC-16-63-S+ Bidirectional Coupler CBT N/A CBT N/A
SPEAG EX3DV4 SAR Probe 7/31/2020 Annual 7/31/2021 7308
SPEAG EX3DV4 SAR Probe 6/23/2020 Annual 6/23/2021 7406
SPEAG DAE4 Dasy Data Acquisition Electronics 8/11/2020 Annual 8/11/2021 1450
SPEAG DAE4 Dasy Data Acquisition Electronics 5/14/2020 Annual 5/14/2021 1583

Measurement Uncertainty = £23% (k=2)

Name Function Signature

Calibrated By:

Brodie Halbfoster | Test Engineer

Approved By: Kaitlin O’'Keefe Senior Technical N]L,_
Manager
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DIPOLE CALIBRATION EXTENSION

Per KDB 865664 D01, calibration intervals of up to three years may be considered for reference dipoles
when it is demonstrated that the SAR target, impedance and return loss of a dipole have remained
stable according to the following requirements:

1. The measured SAR does not deviate more than 10% from the target on the calibration
certificate.
2. The return-loss does not deviate more than 20% from the previous measurement and meets the
required 20dB minimum return-loss requirement.
3. The measurement of real or imaginary parts of impedance does not deviate more than 5Q from
the previous measurement.
The following dipole was checked to pass the above 3 requirements to have 3-year calibration period
from the calibration date:

102202018 | 101802020 | 1217 ] 365 | 372 | a9 [ 192 [ 196 | 208% | s0o 1 ae7 1 22 [ o4 [ o6 [ 02 | 41 | 375 | oesw [ Pass |

10/22/2018
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Impedance & Return-Loss Measurement Plot for Head TSL
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Impedance & Return-Loss Measurement Plot for Body TSL
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Accredited by the Swiss Accreditation Service {SAS) Accreditation No.: SCS 0108
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Multilateral Agreement for the recognition of calibration certificates

Client

CALIBRATION CERTIFICATE

Certificate No: D1750V2-1148 “May20 . -

Object D1750V25 SN 448 ot

Calibration procedure(s} QA CAL .05: V_T"l ' i L SR
Callbratlon Pr cedure for SAR Valld tlon Sources between Q0. 7 3 GHz

Bw‘ﬁ/
N A 0

Calibration date: -May 12, D00

This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (SI).
The measurements and the uncertainties with confidence probability are given on the following pages and are part of the certificate.

All cafibrations have been conducted in the closed laboratory facility: environment temperature (22 + 3)°C and humidity < 70%.

Calibration Equipment used (M&TE critical for calibration}

Primary Standards D # Cal Date {Certificate No.) Scheduled Calibration
Power meter NRP SN: 104778 01-Apr-20 {(No. 217-03100/03101) Apr-21

Power sensor NRP-291 SN: 103244 01-Apr-20 (No. 217-03100}) Apr-21

Power sensor NRP-Z91 SN: 103245 01-Apr-20 (No. 217-03101) Apr-21

Reference 20 dB Attenuator SN: BH9394 (20k} 31-Mar-20 (No. 217-03106) Apr-21

Type-N mismatch combination SN: 310982 / 06327 31-Mar-20 (No. 217-03104) Apr-21

Reference Probe EX3DV4 SN: 7349 31-Dec-19 (Mo, EX3-7349_Deci9) Dec-20

DAE4 SN: 601 27-Dec-19 (No. DAE4-601_Dec19) Dec-20

Secondary Standards 1D # Check Daie (in house) Scheduled Check
Power meter E44198 SN: GB39512475 30-Oct-14 (in house check Feb-19} In house check: Oct-20
Power sensor HP B4B1A SN: US37292783 07-Oct-15 (in house check Oct-18) In house check: Oct-20
Power sensor HP 8481A SN; MY41092317 07-Oct-15 (in house check Oct-18) In house check: Oct-20
RF generator R&S SMT-06 SN: 100972 15-Jun-15 {in house check Oct-18) In house check: Oct-20
Network Analyzer Agilent EB358A | SN: US41080477 31-Mar-14 {in house check Oct-19) In house check: Oct-20

Function Signature

Calibrated by: "' '_I_'_eb:b_rate_ry Technician

Approved by: Katja Pokovio "7 Technical Manager

Issued: May 13, 2020

This calibration certificate shall not be reproduced except in fult without writlen approval of the laboratory.
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Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Muitilateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y,z

N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a) |IEEE Std 1528-2013, “IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, June 2013

b) IEC 62209-1, “Measurement procedure for the assessment of Specific Absorption Rate
(SAR) from hand-held and body-mounted devices used next to the ear (frequency range of
300 MHz to 6 GHz)”, July 2016

c) |EC 62209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless
communication devices used in close proximity to the human body (frequency range of 30
MHz to 6 GHz)", March 2010

d) KDB 865664, “SAR Measurement Requirements for 100 MHz to 6 GHZ”

Additional Documentation:

e)

DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

Measurement Conditions: Further details are available from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequency indicated.
Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

Feed Point Impedance and Return Loss: These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measurement at the SMA connector to the feed point. The Return Loss ensures low
reflected power. No uncertainty required.

Electrical Delay: One-way delay between the SMA connector and the antenna feed point.
No uncertainty required.

SAR measured: SAR measured at the stated antenna input power.

SAR normalized: SAR as measured, normalized to an input power of 1 W at the antenna
connector.

SAR for nominal TSL parameters: The measured TSL parameters are used to calculate the
nominal SAR result.

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.

Certificate No; D1750V2-1148_May20 Page 2 of 8




Measurement Conditions

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

DASY Version DASYS v52.10.4

Extrapolation Advanced Extrapolation

Phantom Modular Ftat Phantom

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution dx, dy, dz =5 mm

Frequency 1750 MHz + 1 MHz
Head TSL parameters

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 22.0°C 40.1 1.37 mho/m

Measured Head TSL parameters (220x02)°C 403126 % 1.35 mho/m £ 6 %

Head TSL temperature change during test <05°C - e
SAR resuit with Head TSL

SAR averaged over 1 cm® {1 g) of Head TSL Condition

SAR measured 250 mW input power 8.88 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

35.9 Wikg % 17.0 % (k=2)

SAR averaged over 10 cm® {10 g) of Head TSL

condition

SAR measured

250 mW input power

4,69 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

18.9 Wikg £ 16.5 % (k=2)

Body TSL parameters

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 53.4 1.49 mho/m
Measured Body TSL parameters (22.0£0.2)°C 54126 % 1.47 mho/m £ 6 %
Body TSL temperature change during test <0.5°C e e
SAR result with Body TSL
SAR averaged over 1 cm?® (1 g) of Body TSL Condition
SAR measured 250 mW input power 8.98 Wikg

SAR for nominat Body TSL parameters

normalized to 1W

36.3 Wikg * 17.0 % (k=2)

SAR averaged over 10 cm® (10 g) of Body TSL

condition

SAR measured

250 mW input power

4.80 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

19.3 Wikg * 16.5 % (k=2)

Certificate No: D1750V2-1148_May20
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 49.20-1.9iQ

Return Loss -33.6 dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4500-1.7jQ

Return Loss -25.2dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.222 ns

After long term use with 100W radiated power, only a slight warming of the dipole near the feedpoint can be measured.

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order to improve matching when loaded according to the position as explained in the
"Measurement Conditions” paragraph. The SAR data are not affected by this change. The overall dipole length is still
according to the Standard.

No excessive force must be applied to the dipole arms, because they might bend or the soldered connections near the
feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG

Cenrtificate No: D1750V2-1148_May20 Page 4 of 8




DASY5 Validation Report for Head TSL

Date: 12.05.2020

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 1750 MHz; Type: D1750V2; Serial: D1750V2 - SN:1148

Communication System: UID 0 - CW; Frequency: 1750 MHz

Medium parameters used: f = 1750 MHz; ¢ = 1.35 S/m; & = 40.3; p = 1000 kg/m3
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2011)

DASYS52 Configuration:

Probe: EX3DV4 - SN7349; ConvF(8.76, 8.76, 8.76) @ 1750 MHz; Calibrated: 31.12.2019
Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 27.12,2019

Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA; Serial: 1001

DASY52 52.10.4(1527); SEMCAD X 14.6.14(7483)

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube :
Measurement grid: dx=5mm, dy=5Smm, dz=5mm

Reference Value = 105.6 V/m; Power Drift = -0.03 dB

Peak SAR (extrapolated) = 16.4 W/kg

SAR(1 g) = 8.88 W/kg; SAR(10 g) = 4.69 W/kg

Smallest distance from peaks to all points 3 dB below = 10 mm

Ratio of SAR at M2 to SAR at M1 = 54.4%

Maximum value of SAR (measured) = 13.8 W/kg

B -10.80

N _14.40

-18.00

0dB =13.8 W/kg = 11.40 dBW/kg

Certificate No: D1750V2-1148_May20 Page 5 of 8




Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL

Date: 12.05.2020
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1750 MHz; Type: D1750V2; Serial: D1750V2 - SN:1148

Communication System: UID 0 - CW; Frequency: 1750 MHz

Medium parameters used: f= 1750 MHz; ¢ = 1.47 S/m; &= 54.1; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63,19-201 1)

DASYS52 Configuration:

» Probe: EX3DV4 - SN7349; ConvF(8.61, 8.61, 8.61) @ 1750 MHz; Calibrated: 31.12.2019

Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 27.12.2019

Phantom: Flat Phantom 5.0 (back); Type: QD 000 P50 AA; Serial: 1002

DASY52 52.10.4(1527); SEMCAD X 14.6.14(7483)

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 99.95 V/m; Power Drift = -0.05 dB

Peak SAR (extrapolated) = 16.1 W/kg

SAR(1 g) = 8.98 W/kg; SAR(10 g) = 4.8 W/kg

Smallest distance from peaks to all points 3 dB below = 10 mm

Ratio of SAR at M2 to SAR at M1 = 57.1%

Maximum value of SAR (measured) = 13.6 W/kg

0 dB = 13.6 W/kg = 11.34 dBW/kg

Ceriificate No: D1750V2-1148_May20 Page 7 of 8




impedance Measurement Plot for Body TSL
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Calibration Laboratory of
Schmid & Pariner
Engineering AG

Zeughausstrasse 43, 8004 Zurlch, Switzerland

S Schweizerischer Kalibrierdienst
Service suisse d'stalonnage

C Servizio svizzero di taratura

S Swiss Calibration Service

Accredited Dy the Swiss Accreditation Sarvice (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificalas

Client

Objest

Calibration procedure(s)

Calibration date:

& 6 50 270
it -
This calibration cerfiticate documents the traceahility to national standards, which realize the physical units of measurements (S). i 2‘
The measuremenls and the uncertainties with confidence probability are given on the following pages and are part of the certificate.
All calibrations have been conducted in the closed laboratory facility: snvironment temperature (22 + 3)°C and humidity < 70%.
Cafibration Equipment used (MATE critical for calibration)
Primary Standards D # Cal Date (Cerificate No.) Schedulsd Callbration
Power meater NRP SN: 104778 04-Apr-18 (No. 217-02672/02673) Apr-19
Power sensor NRP-Z91 SN: 103244 04-Apr-18 (No. 217-02672) Apr-19
Power sensor NRP-Z91 SN 103245 04-Apr-18 (No. 217-02673} Apr-19
Referance 20 dB Attenuator SN: 5058 {20k} 04-Apr-18 (No. 217-02682) Apr-19
Type-N mlsmatch combination SN: 5047.2 / 06327 04-Apr-18 (Mo. 217-02683) Apr-19
Reference Probe EX3DV4 SN: 7349 31-Dec-18 (No. EX3-7349_Dec18) Dec-19
DAE4 SN: 601 04-Oct-18 {No. DAE4-601_Oct18} Cot-19
Secondary Standards ID # Check Date (in house) Scheduled Check
Power meter E4419B SN: GB39512475 07-Cct-15 {in house check Feb-19) In house check: Oct-20
Power sensor HP 8481A SN: US37292783 07-Cct-15 {in house check Oct-18) In housa check: Oct-20
Power sensor HP 8481A SN: MY41092317 07-Cct-15 {In house check Oct-18) In house check: Oct-20
RF generator R&S SMT-06 SN: 100972 15-Jun-15 {in house check Oct-18) in house check: Oct-20
Network Analyzer Agilent EB358A | SN; US41080477 31-Mar-14 (in houss check Oct-18) in house check: Oct-19
Name Function
Calibrated by:
Approved by:
Issued: February 21, 2019
This calibration certificate shall not ba reproduced axcept in full without written approval of the laboratary.
Certiflcate No: D1300V2-5d148_Fsb18 Page 1of 8




Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

Schweizerischer Kalibrierdienst
Service suisse d'étalonnage
Servizio svizzero di taratura
Swiss Calibration Service

Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

Convi sensitivity in TSL / NORM x,y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a) |IEEE Std 1528-2013, “IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, June 2013

b) IEC 62209-1, “Measurement procedure for the assessment of Specific Absorption Rate
(SAR) from hand-held and body-mounted devices used next to the ear (frequency range of
300 MHz to 6 GHz)”, July 2016

¢) IEC 62209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless
communication devices used in close proximity to the human body (frequency range of 30
MHz to 6 GHz)", March 2010

d) KDB 865664, “SAR Measurement Requirements for 100 MHz to 6 GHz"

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

» Measurement Conditions: Further details are available from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequency indicated.

* Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

» Feed Point Impedance and Return Loss: These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measurement at the SMA connector to the feed point. The Return Loss ensures low
reflected power. No uncertainty required.

» Electrical Delay: One-way delay between the SMA connector and the antenna feed point.
No uncertainty required.

e SAR measured: SAR measured at the stated antenna input power.

* SAR normalized: SAR as measured, normalized to an input power of 1 W at the antenna
connector,

» SAR for nominal TSL parameters: The measured TSL parameters are used to calculate the
nominal SAR result.

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.

Certificate No: D1900V2-5d148_Feb19 Page 2 of 8




Measurement Conditions

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

DASY Version DASY5 V52,10.2

Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution dx, dy, dz =5 mm

Frequency 1900 MHz + 1 MHz
Head TSL parameters

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 22.0°C 40.0 1.40 mho/m

Measured Head TSL parameters (22.0 £0.2) °C 40.9+6 % 1.38 mho/m + 6 %

Head TSL temperature change during test <0.5°C ---- e—n
SAR result with Head TSL

SAR averaged over 1 em’® (1 g) of Head TSL Condition

SAR measured 250 m\W input power 9.65 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

39.1 W/kg = 17.0 % (k=2)

SAR averaged over 10 em® (10 g) of Head TSL

condition

SAR measured

250 mW input power

5.05 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

20,4 W/kg + 16.5 % (k=2)

Body TSL parameters

The following paramsters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 53.3 1.52 mho/m
Measured Body TSL parameters (22.0+0.2)°C 53.6x6% 1.47 mho/m +6 %
Body TSL temperature change during test <05°C - e
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 9.56 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

39.1 Wikg + 17.0 % (k=2)

SAR averaged over 10 cm® (10 g) of Body TSL

condition

SAR measured

250 mW input power

5.05 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

20.5 W/kg £ 16.5 % (k=2)

Certificate No: D1900V2-5d148_Feb19
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 5180 +68jQ

Return Loss -23.2dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4B4Q+78]Q

Return Loss -21.9dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1170 ns

After long term use with 100W radiated power, only a slight warming of the dipole near the feedpoint can be measured.

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order to improve matching when loaded according to the position as explained in the
“Measurement Conditions" paragraph. The SAR data are not affected by this change. The overall dipole length is stifl
according to the Standard.

No excessive force must be applied to the dipole arms, because they might bend or the soldered connections near the
feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG

Certificate No: D1900V2-5d148_Feb19 Page 4 of 8




DASY5 Validation Report for Head TSL

Date: 21.02,2019

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN:5d148

Communication System: UID 0 - CW; Frequency: 1900 MHz

Medium parameters used: f = 1900 MHz; ¢ = 1,38 S/m; & = 40.9; p = 1000 kg/m3
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2011)

DASY52 Configuration:

Probe: EX3DV4 - SN7349; ConvF(8.26, 8.26, 8.26) @ 1900 MHz; Calibrated: 31.12.2018
Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated; 04.10.2018

Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA; Serial: 1001

DASYS52 52.10.2(1495); SEMCAD X 14.6.12(7450)

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 109.4 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 17.8 W/kg

SAR(1 g) = 9.65 W/kg; SAR(10 g) = 5.05 W/kg

Maximum value of SAR (measured) = 15.0 W/kg

0dB=150W/kg=11.76 dBBW/kg

Certificate No: D1300V2-5d148_Feb19 Page 5of 8




Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL

Date:; 21.02.2019

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN:5d148

Communication System: UID 0 - CW; Frequency: 1900 MHz

Medium parameters used: f = 1900 MHz; 5 = 1.47 S/m; g, = 53.6; p = 1000 kg/m3
Phantom section: Flat Section

Measurement Standard: DASY5 (IEEE/TEC/ANSI C63.19-2011)

DASY 52 Configuration;

Probe: EX3DV4 - SN7349; ConvF(8.23, 8.23, 8.23) @ 1900 MHz; Calibrated: 31.12,2018
Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 04.10.2018

Phantom: Flat Phantom 5.0 (back); Type: QD 000 P50 AA; Serial: 1002

DASY52 52.10.2(1495); SEMCAD X 14.6.12(7450)

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 103.7 V/m; Power Drift = -0.03 dB

Peak SAR (extrapolated) = 17.0 Wikg

SAR(1 g) = 9.56 W/kg; SAR(10 g) = 5.05 W/kg

Maximum value of SAR (measured) = 14.4 Wikg

0dB = 14.4 W/kg = 11.58 dBW/kg

Certificate No: D1900V2-5d148_Feb19 Page 7 of B




Impedance Measurement Plot for Body TSL
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PCTEST

7185 Oakland Mills Road, Columbia, MD 21046 USA
Tel. +1.410.290.6652 / Fax +1.410.290.6654
http://www.pctest.com

Certification of Calibration

Object

Calibration procedure(s)

Extension Calibration date:

Description:

D1900V2 — SN: 5d148
Procedure for Calibration Extension for SAR Dipoles.
2/21/2020

SAR Validation Dipole at 1900 MHz.

Calibration Equipment used:

Manufacturer Model Description Cal Date | CallInterval | Cal Due | Serial Number
Control Company 4040 Therm./Clock/Humidity Monitor 6/29/2019 Biennial 6/29/2021 192291470
Control Company 4352 Ultra Long Stem Thermometer 8/2/2018 Biennial 8/2/2020 181334684

Amplifier Research 1551G6 Amplifier CBT N/A CBT 433971
Narda 4772-3 Attenuator (3dB) CBT N/A CBT 9406
Keysight Technologies 85033E Standard Mechanical Calibration Kit (DC to 9GHz, 3.5mm) 7/2/2019 Annual 7/2/2020 MY53401181
Rohde & Schwarz ZNLE6 Vector Network Analyzer 10/11/2019 Annual 10/11/2020 101307
Mini-Circuits BW-N20W5+ DC to 18 GHz Precision Fixed 20 dB Attenuator CBT N/A CBT N/A
SPEAG DAKS-3.5 Portable DAK 9/10/2019 Annual 9/10/2020 1045
Anritsu MA2411B Pulse Power Sensor 8/14/2019 Annual 8/14/2020 1315051
Anritsu MA2411B Pulse Power Sensor 8/8/2019 Annual 8/8/2020 1339008
Anritsu ML2495A Power Meter 12/17/2019 Annual 12/17/2020 941001
Agilent N5182A MXG Vector Signal Generator 8/19/2019 Annual 8/19/2020 | MY47420837
Seekonk NC-100 Torque Wrench 5/9/2018 Biennial 5/9/2020 22217
MiniCircuits ZHDC-16-63-S+ Bidirectional Coupler CBT N/A CBT N/A
MiniCircuits VLF-6000+ Low Pass Filter CBT N/A CBT N/A
SPEAG EX3DV4 SAR Probe 9/19/2019 Annual 9/19/2020 7551
SPEAG EX3DV4 SAR Probe 7/16/2019 Annual 7/16/2020 7410
SPEAG DAE4 Dasy Data Acquisition Electronics 9/17/2019 Annual 9/17/2020 1333
SPEAG DAE4 Dasy Data Acquisition Electronics 7/11/2019 Annual 7/11/2020 1322
Measurement Uncertainty = +23% (k=2)
Name Function Signature
Calibrated By: Brodie Halbfoster Test Engineer BROPLE HALBFoSTER.
K i1t y . .
Approved By: Kaitlin O’Keefe Senior Technical NL_
Manager
Object: Date Issued:
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DIPOLE CALIBRATION EXTENSION

Per KDB 865664 D01, calibration intervals of up to three years may be considered for reference dipoles
when it is demonstrated that the SAR target, impedance and return loss of a dipole have remained
stable according to the following requirements:

1. The measured SAR does not deviate more than 10% from the target on the calibration
certificate.
2. The return-loss does not deviate more than 20% from the previous measurement and meets the
required 20dB minimum return-loss requirement.
3. The measurement of real or imaginary parts of impedance does not deviate more than 5Q from
the previous measurement.
The following dipole was checked to pass the above 3 requirements to have 2-year calibration period
from the calibration date:

22112019_| 212112020 6.14% aa1% | s18 [ sa7 [ 19 | es | 27 [ 41 [ 232 [ o7t | -t670%

21212019 | 212112020
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Impedance & Return-Loss Measurement Plot for Head TSL
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Impedance & Return-Loss Measurement Plot for Body TSL

®
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Accraditad by the Swiss Accreditation Servica {SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Object

Calibration pracedura(s)
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B 2
This calibration cerlificate docurnents the traceability to national standards, which realize the physleal units of measurements (S). \Q’W
The measuremants and the uncertaintias with confidence probabllity are glven on the following pages and are part of the certificate.

Calibration date:

Al calibrations have been conducied in the closed laboratory facility: environment temperature (22 + 3)°C and humidity < 70%.

Calibration Equipment used {M&TE critical for calibration}

Primary Standards D # Cal Date (Certlilcate No.) Scheduted Calibration

Power meter NRP SN: 104778 04-Apr-18 (No. 217-02672/02673) Apr-19

Power sensor NRP-Z91 SN: 103244 04-Apr-18 (No. 217-02672) Apr-19

Power sensor NRP-Z91 SN: 103245 04-Apr-18 (Mo. 217-02673) Apr-19

Reference 20 dB Attenuator SN: 5058 (20K} 04-Apr-18 {No. 217-02682) Apr-19

Type-N mismatch combination SN: 5047.2 f 06327 04-Apr-18 (No. 217-02683) Apr-19

Reference Probe EX3DV4 SN: 7349 30-Dec-17 (No. EX3-7349_Dec17) Dec~18

DAE4 SN: 601 04-Oct-18 (No. DAE4-601_0ct18) Oct-19

Secondary Standards - & Check Date {in house) Scheduled Check

Power meter EPM-4424 SN: GB37480704 07-Oct-15 {in house check Qct-18}) In house check: Oct-20

Power sensor HP 8481A SN: US37292783 07-Oct-15 {in house check Oct-18) In house check: Oct-20

Power sensor HP 8481A SNz MY41092317 07-Oct~15 (in house check Oct-18) In house check: Cct-20

RF generator R&S SMT-06 SN: 100972 15-Jun-15 (in house check Qct-18) in house check: Cct-20

Network Anafyzer Agilent E8358A | SN: US41080477 31-Mar-14 (in house check Oct-18) In house check Cct-19
Nams Function Signature

Calibrated by:

Approved by:

Issued: October 23, 2018

This calibration certificate shall not be reproduced except in fuil without written approval of the laboratory,
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Accraditad by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL/ NORM x,y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a) |EEE Std 1528-2013, “IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, June 2013

b) IEC 62209-1, “Measurement procedure for the assessment of Specific Absorption Rate
(SAR) from hand-held and body-mounted devices used next to the ear (frequency range of
300 MHz to 6 GHz)", July 2016

c) 1EC 62209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless
communication devices used in close proximity to the human body (frequency range of 30
MHz to 6 GHz)", March 2010

d) KDB 865664, “SAR Measurement Requirements for 100 MHz to 6 GHz"

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

o Measurement Conditions: Further details are available from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequency indicated.

e Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

e Feed Point Impedance and Return Loss: These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measurement at the SMA connector to the feed point. The Return Loss ensures low
reflected power. No uncertainty required.

e Electrical Delay: One-way delay between the SMA connector and the antenna feed point.
No uncertainty required.

e SAR measured: SAR measured at the stated antenna input power.

e SAR normalized: SAR as measured, normalized to an input power of 1 W at the antenna
connector.

» SAR for nominal TSL parameters: The measured TSL parameters are used to calculate the
nominal SAR resulit.

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.

Certificate No: D1800V2-5d080_0Oct18 Page 2 of 8



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

DASY Version

DASY5 V52.10.2
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution dx, dy, dz =5 mm

Frequency 1900 MHz + 1 MHz

Head TSL parameters
The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 40.0 1.40 mho/m
Measured Head TSL parameters (22.0+x0.2)°C 40.3+£6% 1.40 mho/m £ 6 %
Head TSL temperature change during test <0.5°C e -
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 250 mW input power 9.93 W/kg

SAR for nominal Head TSL parameters normalized to 1W

39.8 W/kg = 17.0 % (k=2)

SAR averaged over 10 cm® (10 g) of Head TSL condition

SAR measured 250 mW input power

5.18 W/kg

SAR for nominal Head TSL parameters normalized to 1W

20.7 W/kg £ 16.5 % (k=2)

Body TSL parameters

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 53.3 1.52 mho/m
Measured Body TSL parameters (22.0+0.2)°C 529+6% 1.47 mho/m £ 6 %
Body TSL temperature change during test <05°C
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 250 mW input power 9.62 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

39,2 W/kg = 17.0 % (k=2)

SAR averaged over 10 cm® (10 g) of Body TSL

condition

SAR measured

250 mW input power

5.09 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

20.6 W/kg + 16.5 % (k=2)

Certificate No: D1900V2-5d080_Qcti8
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Appendix {Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

impedance, transformed to feed point 525Q+79jQ

Return Loss -21.8dB
Antenna Parameters with Body TSL

Impedance, transformed to feed point 48.1Q+81iQ

Return Loss -215dB
General Antenna Parameters and Design

Electrical Delay (one direction) 1.193 ns

After long term use with 100W radiated power, only a slight warming of the dipole near the feedpoint can be measured.

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order to improve matching when joaded according to the position as explained in the
"Measurement Cenditions" paragraph. The SAR data are not affected by this change. The overall dipole length is still

according to the Standard.

No excessive force must be applied to the dipole arms, because they might bend or the soldered connections near the

feedpoint may be damaged.

Additional EUT Data

Manufactured by

SPEAG

Manufactured on

June 28, 2006

Certificate No: D1900v2-5d080_0cti18
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DASY5 Validation Report for Head TSL

Date: 23.10.2018
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MIIz; Type: D1900V2; Serial: D1900V2 - SN:5d080

Communication System: UID 0 - CW; Frequency: 1900 MHz

Medium parameters used: f = 1900 MHz; ¢ = 1.4 S/m; g, = 40.3; p = 1000 kglm3
Phantom section: Flat Section

Measurement Standard: DASY5 (IEEE/IEC/ANSI C63.19-2011)

DASYS52 Configuration:
» Probe: EX3DV4 - SN7349; ConvF(8.18, 8.18, 8.18) @ 1900 MHz; Calibrated: 30.12.2017
e Sensor-Surface: 1.4mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn601; Calibrated: 04.10.2018
« Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA; Serial: 1001
o« DASY5252.10.2(1495); SEMCAD X 14.6.12(7450})

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 110.0 V/m; Power Drift = -0.05 dB

Peak SAR (extrapolated) = 18.7 W/kg

SAR(1 g) =9.93 W/kg; SAR(10 g) =5.18 W/kg

Maximum value of SAR (measured) = 15.6 W/kg

-8.00
2.0

-16.00

-20.00

0dB = 15.6 W/kg = 11.93 dBW/kg

Certificate No: D1900V2-5d080_0ct18 Page 5 of 8




Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL

Date: 23.10.2018
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN:5d080

Communication System: UID 0 - CW; Frequency: 1900 MHz

Medium parameters used: f = 1900 MHz; ¢ = 1.47 S/m; & = 52.9; p = 1000 kg:’m3
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2011)

DASY52 Configuration:

Probe; EX3DV4 - SN7349, ConvF(8.15, 8.15, 8.15) @ 1900 MHz, Calibrated: 30.12.2017
« Sensor-Surface: 1.4mm (Mechanical Surface Detection)

s Electronics: DAE4 Sn601; Calibrated; 04.10.2018

« Phantom: Flat Phantom 5.0 (back); Type: QD 000 P50 AA; Serial: 1002

o« DASYS5252.10.2(1495); SEMCAD X 14.6.12(7450)

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mim, dy=5mm, dz=5mm

Reference Value = 99.86 V/m; Power Drift = 0.00 dB

Peak SAR (extrapolated) = 17.3 W/kg

SAR(1 g) = 9.62 W/kg; SAR(10 g) = 5.09 W/kg

Maximum value of SAR (measured) = 14.1 W/kg

{ -9.00

-12.00

-15.00

0dB = 14.1 W/kg = 11.49 dBW/kg

Certtificate No: D1900V2-5d080_0Oct18 Page 7 of 8




Impedance Measurement Plot for Body TSL
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PCTEST ENGINEERING LABORATORY, INC.

7185 Oakland Mills Road, Columbia, MD 21046 USA
Tel. +1.410.290.6652 / Fax +1.410.290.6654

http://www.pctest.com

Object

Certification of Calibration

Calibration procedure(s)

Extended Calibration date:

Description:

Calibration Equipment used:

D1900V2 — SN:5d080

Procedure for Calibration Extension for SAR Dipoles.

October 18, 2019

SAR Validation Dipole at 1900 MHz.

Manufacturer Model Description Cal Date | CalInterval | Cal Due | Serial Number
Control Company 4040 Therm./Clock/Humidity Monitor 6/29/2019 Biennial 6/29/2021 192291470
Control Company 4352 Ultra Long Stem Thermometer 8/2/2018 Biennial 8/2/2020 181334684

Amplifier Research 1551G6 Amplifier CBT N/A CBT 433971
Narda 4772-3 Attenuator (3dB) CBT N/A CBT 9406
Keysight Technologies 85033E Standard Mechanical Calibration Kit (DC to 9GHz, 3.5mm) 7/2/2019 Annual 7/2/2020 MY53401181
Rohde & Schwarz ZNLE6 Vector Network Analyzer 10/11/2019 Annual 10/11/2020 101307
Mini-Circuits BW-N20W5+ DC to 18 GHz Precision Fixed 20 dB Attenuator CBT N/A CBT N/A
SPEAG DAKS-3.5 Portable Dielectric Assessment Kit 8/13/2019 Annual 8/13/2020 1041
Anritsu MA2411B Pulse Power Sensor 8/14/2019 Annual 8/14/2020 1315051
Anritsu MA2411B Pulse Power Sensor 8/8/2019 Annual 8/8/2020 1339008
Anritsu ML2495A Power Meter 11/20/2018 Annual 11/20/2019 1039008
Agilent N5182A MXG Vector Signal Generator 8/19/2019 Annual 8/19/2020 | MY47420837
Seekonk NC-100 Torque Wrench 5/9/2018 Biennial 5/9/2020 22217
Mini-Circuits NLP-2950+ Low Pass Filter DC to 2700 MHz CBT N/A CBT N/A
MiniCircuits ZHDC-16-63-S+ Bidirectional Coupler CBT N/A CBT N/A
MiniCircuits VLF-6000+ Low Pass Filter CBT N/A CBT N/A
SPEAG EX3DV4 SAR Probe 2/19/2019 Annual 2/19/2020 3914
SPEAG EX3DV4 SAR Probe 5/16/2019 Annual 5/16/2020 7406
SPEAG DAE4 Dasy Data Acquisition Electronics 5/8/2019 Annual 5/8/2020 859
SPEAG DAE4 Dasy Data Acquisition Electronics 2/14/2019 Annual 2/14/2020 1272

Note: CBT (Calibrated Before Testing). Prior to testing, the measurement paths containing a cable, amplifier, attenuator, coupler or
filter were connected to a calibrated source (i.e. a signal generator) to determine the losses of the measurement path.

Measurement Uncertainty = +23% (k=2)

Name

Function

Signature

Calibrated By:

Brodie Halbfoster

Team Lead Engineer

_BROPIE [ BFOSTER

Approved By:

Kaitlin O’'Keefe

Manager

Senior Technical

Ko~

Object:
D1900V2 — SN: 5d080

10/18/2019

Date Issued:
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DIPOLE CALIBRATION EXTENSION

Per KDB 865664 D01, calibration intervals of up to three years may be considered for reference dipoles
when it is demonstrated that the SAR target, impedance and return loss of a dipole have remained
stable according to the following requirements:

1. The measured SAR does not deviate more than 10% from the target on the calibration
certificate.
2. The return-loss does not deviate more than 20% from the previous measurement and meets the
required 20dB minimum return-loss requirement.
3. The measurement of real or imaginary parts of impedance does not deviate more than 5Q from
the previous measurement.
The following dipole was checked to pass the above 3 requirements to have 2-year calibration period
from the calibration date:

1023/2018 | 10/18/2019 200% | s25 | s04 [ 21 [ 79 | 62 | 17 | 218 [ 242 [ -t090%

10/23/2018

Object: Date Issued:
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Impedance & Return-Loss Measurement Plot for Head TSL
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Impedance & Return-Loss Measurement Plot for Body TSL

®

Trel

$11 Smith 200 mU/Ref 1U Cal Offs oo

1w

1 1.900000 GHz 46.474 Q
j6.555 Q
549111629 pH

Ch1 Center 1.9GHz Pwr -10dBm Bw 10kHz Span 400 MHz
Tre2 511 dBMag 5dBfRef-20dB Cal Offs == 2w
10 <1 1.900000 GHz -22.2393 dB

ro

-5
-10 o
-15 1
20dB S ~ <

F-25
30
-40

Ch1 Center 1.9 GHz Pwr -10dBm Bw 10kHz Span 400 MHz

. suesng. ot e o

14:48:18 18.10.2019

Object:
D1900V2 — SN: 5d080

Date Issued:

10/18/2019

Page 4 of 4




7185 Oakland Mills Road, Columbia, MD 21046 USA
Tel. +1.410.290.6652 / Fax +1.410.290.6654
http://www.pctest.com

Certification of Calibration

Object

Calibration procedure(s)

D1900V2 — SN: 5d080

Procedure for Calibration Extension for SAR Dipoles.

Extension Calibration date: 10/18/2020

Description:

SAR Validation Dipole at 1900 MHz.

Calibration Equipment used:

Manufacturer Model Description Cal Date | Cal Interval | Cal Due | Serial Number
Control Company 4040 Therm./Clock/Humidity Monitor 6/29/2019 Biennial 6/29/2021 192291470
Control Company 4352 Ultra Long Stem Thermometer 11/29/2018| Biennial 11/29/2020 181766816
Amplifier Research 1551G6 Amplifier CBT N/A CBT 433971

Narda 4772-3 Attenuator (3dB) CBT N/A CBT 9406
Agilent 85033E 3.5mm Standard Calibration Kit 6/6/2020 Annual 6/6/2021 MY53402352
Rohde & Schwarz ZNLE6 Vector Network Analyzer 9/29/2020 Annual 9/29/2021 101307
Mini-Circuits BW-N20W5+ DC to 18 GHz Precision Fixed 20 dB Attenuator CBT N/A CBT N/A
SPEAG DAK-3.5 Dielectric Assessment Kit 5/12/2020 Annual 5/12/2021 1070
Anritsu MA2411B Pulse Power Sensor 8/12/2020 Annual 8/12/2021 1207364
Anritsu MA2411B Pulse Power Sensor 9/22/2020 Annual 9/22/2021 1315051
Anritsu ML2495A Power Meter 1/15/2020 Annual 1/15/2021 1328004
Anritsu ML2495A Power Meter 12/17/2019 Annual 12/17/2020 941001
Agilent N5182A MXG Vector Signal Generator 5/13/2020 Annual 5/13/2021 | MY47420603
Pasternack NC-100 Torque Wrench 8/4/2020 Biennial 8/4/2022 N/A
Mini-Circuits NLP-2950+ Low Pass Filter DC to 2700 MHz CBT N/A CBT N/A
MiniCircuits ZHDC-16-63-S+ Bidirectional Coupler CBT N/A CBT N/A
SPEAG EX3DV4 SAR Probe 3/18/2020 Annual 3/18/2021 7526
SPEAG EX3DV4 SAR Probe 12/11/2019 Annual 12/11/2020 7570
SPEAG DAE4 Dasy Data Acquisition Electronics 12/18/2019 Annual 12/18/2020 859
SPEAG DAE4 Dasy Data Acquisition Electronics 3/12/2020 Annual 3/12/2021 1368

Measurement Uncertainty = £23% (k=2)

Name Function Signature

Calibrated By:

Brodie Halbfoster | Test Engineer

Approved By: Kaitlin O’'Keefe Senior Technical N]L,_
Manager
Object: Date Issued:
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DIPOLE CALIBRATION EXTENSION

Per KDB 865664 D01, calibration intervals of up to three years may be considered for reference dipoles
when it is demonstrated that the SAR target, impedance and return loss of a dipole have remained
stable according to the following requirements:

1. The measured SAR does not deviate more than 10% from the target on the calibration
certificate.
2. The return-loss does not deviate more than 20% from the previous measurement and meets the
required 20dB minimum return-loss requirement.
3. The measurement of real or imaginary parts of impedance does not deviate more than 5Q from
the previous measurement.
The following dipole was checked to pass the above 3 requirements to have 3-year calibration period
from the calibration date:

10232018 | 10182020 | 1103 | 398 | 4o | omw [ 207 | 205 | oore | s25 | 485 [ 4 | 7o | 6 | 19 | 218 [ 241 [ -1060% | Pass |

10/23/2018 | 10/18/2020

Object: Date Issued:
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Impedance & Return-Loss Measurement Plot for Head TSL
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Impedance & Return-Loss Measurement Plot for Body TSL
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Accreditad by the Swiss Accraditation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatorles to the EA
Muitilateral Agreement for the recognition of calibration cerlificates

Client 00V2:5d

Object

Calibration procedure(s)

Calibration date:

This calibration certiflcate documents the {raceabllity to national standards, which realize the physical unlts of measurements (Si).
The measurements and the uncertainties with confidence probabllity are given on the following pages and are parl of the cerlificate.

All cafibrations have besn canducted In the closed laboratory facility: environment temperature (22 + 3)°C and humidity < 70%.

Calibration Equipment used (M&TE crilical for calibration}

Primary Standards D# Cal Date {Cerlificate No.) Scheduled Calibration

Power meier NRP SN: 104778 04-Apr-18 (No. 217-02672/02673) Apr-19

Power sensor NRP-Z91 SN: 103244 04-Apr-18 (No. 217-02672) Apr-19

Power sensor NRP-Z91 SN: 103245 04-Apr-18 {No. 217-02673) Apr-19

Reference 20 dB Attenuator SN: 5058 (20k} 04-Apr-18 (No. 217-02682) Apr-19

Type-N mismaich combination 8N; 5047.2 706327 04-Apr-18 (No. 217-02683) Apr-19

Reference Probe EX3DV4 SN: 7348 30-Dec-17 {No. EX3-73498_Dec17) Dec-18

DAE4 SN: 801 04-Oct-18 (No. DAE4-601,_ QOctiB) Cot-19

Secondary Standards - # Check Date {in house) Scheduled Check

Power meter EPM-442A SN: GB37480704 07-Oct-15 (in house check Oct-1B) In house check: Oct-20

Power sensor HP B481A SN: US37292783 07-Oct-15 {in house chack Oct-18}) In house check: Qct-20

Power sensor HP 8481A SN: MY41092317 07-Oct-15 (in house check Oct-18) In house checlc Oct-20

RF generator R&S SMT-06 SN: 100972 156-Jun-15 (in house check Oct-18} In house checlc Oct-20

Natwork Analyzer Agllent EB358A | SN: US41080477 31-Mar-14 (in house check Oct-18) In house check: Cct-19
Name Function Signature

Callbrated by,

Approved by:

[ssued: October 23, 2018

This calibralion cerlificate shall not be reproduced axcept in full without written approval of the laborafory.

Certificate No: D1900V2-5d149_QOct18 Page 1 of B




Calibration Laboratory of S,

S Schweizerischer Kalibrierdienst
+ - ,
Schmid & Partner ilaﬁgé Service suisse d'étalonnage
Engineering AG ?,//’:\\\\"5 Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland “q, /ﬁ\\\\\‘ Swiss Calibration Service
T law
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y,z

N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a) |IEEE Std 1528-2013, “IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, June 2013

b) IEC 62209-1, “Measurement procedure for the assessment of Specific Absorption Rate
(SAR) from hand-held and body-mounted devices used next to the ear (frequency range of
300 MHz to 6 GHz)", July 2016

c) |EC 62209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless
communication devices used in close proximity to the human body (frequency range of 30
MHz to 6 GHz)", March 2010

d) KDB 865664, “SAR Measurement Requirements for 100 MHz to 6 GHz”

Additional Documentation:

e)

DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

Measurement Conditions: Further details are available from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequency indicated.
Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

Feed Point Impedance and Return Loss: These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measurement at the SMA connector to the feed point. The Return Loss ensures low
reflected power. No uncertainty required.

Electrical Delay: One-way delay between the SMA connector and the antenna feed point.
No uncertainty required.

SAR measured: SAR measured at the stated antenna input power.

SAR normalized: SAR as measured, normalized to an input power of 1 W at the antenna
connector.

SAR for nominal TSL parameters: The measured TSL parameters are used to caiculate the
nominal SAR result.

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.

Certificate No: D1900v2-5d149_0cti8 Page 2 of 8




Measurement Conditions
DASY system configuration, as far as not

iven on page 1.

DASY Version DASYS5 V52.10.2

Extrapolation Advanced Extrapoiation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution dx, dy, dz =5 mm

Frequency 1900 MHz + 1 MHz
Head TSL parameters

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 220°C 40.0 1.40 mho/m

Measured Head TSL parameters (22.0x0.2) °C 40.3+6% 1.40 mho/m £ 6 %

Head TSL temperature change during test <0.5°C memn e
SAR result with Head TSL

SAR averaged over 1 cm® (1 g) of Head TSL Condition

SAR measured 250 mw input power 9.80 Wikg

SAR for nominal Head TSL parameters

normalized 1o 1W

39.3 Wikg = 17.0 % (k=2)

SAR averaged over 10 cm® (10 g) of Head TSL condition

SAR measured

250 mW input power

5.11 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

20.5 W/kg + 16.5 % (k=2)

Body TSL parameters

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 53.3 1.52 mho/m
Measured Body TSL parameters {22.0+0.2) °C 529x26% 1.47 mho/m +86 %
Body TSL temperature change during test <0.5°C mrmn o
SAR result with Body TSL
SAR averaged over 1 ecm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 9.68 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

39.4 W/kg = 17.0 % (k=2)

SAR averaged over 10 cm® (10 g) of Body TSL condition

SAR measured

250 mW input power

5.11 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

20.7 W/kg = 16.5 % (k=2)

Certificate No: D1900v2-5d149_0Oct18

Page 3cf 8




Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 5290 +63jQ

Return Loss -23.4dB

Antenna Parameters with Body TSL

impedance, transformed to feed point 485Q +8.2jQ

Return Loss -21.5dB

General Antenna Parameters and Design

Electrical Delay {one direction) 1.193 ns

After long term use with 100W radiated power, only a slight warming of the dipole near the feedpoint can be measured.

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna is therefore shon-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order to improve matching when loaded according to the position as explained in the
"Measurement Conditions" paragraph. The SAR data are not affected by this change. The overall dipcle length is still
according to the Standard.

No excessive force must be applied to the dipole arms, because they might bend or the soldered connections near the
feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG

Manufactured on March 11, 2011

Cerificate No: D1900V2-56d149_0Oct18 Page 4 of 8



DASY5 Validation Report for Head TSL

Date: 23.10.2018

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN:5d149

Communication System: UID 0 - CW; Frequency: 1900 MHz

Medium parameters used: f = 1900 MHz; ¢ = 1.4 S/m; e, = 40.3; p = 1000 kgf’m3
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2011)

DASYS52 Configuration:

Probe: EX3DV4 - SN7349; ConvF(8.18, 8.18, 8.18) @ 1900 MHz; Calibrated: 30.12.2017
Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 04.10.2018

Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA; Serial: 1001

DASY52 52.10.2(1495); SEMCAD X 14.6.12(7450)

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 110.0 V/m; Power Drift = -0.03 dB

Peak SAR (extrapolated) = 18.5 W/kg

SAR(1 g) = 9.8 W/kg; SAR(10 g) =5.11 W/kg

Maximum value of SAR (measured) = 15.4 W/kg

£ ]-12.00

-16.00

-20.00

0dB = 15.4 W/kg = 11.88 dBW/kg

Certificate No: D1900V2-5d149_0Octi18 Page 5of 8




Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 23.10.2018

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN:5d149

Communication System: UID 0 - CW; Frequency: 1900 Mz

Medium parameters used: f = 1900 MHz; ¢ = 1.47 S/m; & = 52.9; p = 1000 kg/m3
Phantom section: Flat Section

Measurement Standard: DASY S (IEEE/TEC/ANSI C63.19-2011)

DASY52 Configuration:

Probe: EX3DV4 - SN7349; ConvF(8.15, 8.15, 8.15) @ 1900 MHz; Calibrated: 30.12.2017
Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 04.10.2018

Phantom: Flat Phantom 5.0 (back); Type: QD 000 P50 AA; Serial: 1002

DASYS52 52.10.2(1495); SEMCAD X 14.6.12(7450)

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 103.1 V/m;, Power Drift = -0.03 dB

Peak SAR (extrapolated) = 17.5 Wikg

SAR(1 g) = 9.68 W/kg; SAR(10 g) = 5.11 W/kg

Maximum value of SAR (measured) = 14.2 W/kg

0dB = 14.2 W/kg = 11.52 dBW/kg

Certificate No: D1900V2-5d149_0Oct18 Page 7 of 8




Impedance Measurement Plot for Body TSL
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PCTEST ENGINEERING LABORATORY, INC.

7185 Oakland Mills Road, Columbia, MD 21046 USA
Tel. +1.410.290.6652 / Fax +1.410.290.6654
http://www.pctest.com

Object

Calibration procedure(s)

Extended Calibration date:

Description:

Certification of Calibration

D1900V2 — SN:5d149

October 18, 2019

SAR Validation Dipole at 1900 MHz.

Calibration Equipment used:

Procedure for Calibration Extension for SAR Dipoles.

Manufacturer Model Description Cal Date | CalInterval | Cal Due | Serial Number
Control Company 4040 Therm./Clock/Humidity Monitor 6/29/2019 Biennial 6/29/2021 192291470
Control Company 4352 Ultra Long Stem Thermometer 8/2/2018 Biennial 8/2/2020 181334684

Amplifier Research 1551G6 Amplifier CBT N/A CBT 433971
Narda 4772-3 Attenuator (3dB) CBT N/A CBT 9406
Keysight Technologies 85033E Standard Mechanical Calibration Kit (DC to 9GHz, 3.5mm) 7/2/2019 Annual 7/2/2020 MY53401181
Rohde & Schwarz ZNLE6 Vector Network Analyzer 10/11/2019 Annual 10/11/2020 101307
Mini-Circuits BW-N20W5+ DC to 18 GHz Precision Fixed 20 dB Attenuator CBT N/A CBT N/A
SPEAG DAKS-3.5 Portable Dielectric Assessment Kit 8/13/2019 Annual 8/13/2020 1041
Anritsu MA2411B Pulse Power Sensor 8/14/2019 Annual 8/14/2020 1315051
Anritsu MA2411B Pulse Power Sensor 8/8/2019 Annual 8/8/2020 1339008
Anritsu ML2495A Power Meter 11/20/2018 Annual 11/20/2019 1039008
Agilent N5182A MXG Vector Signal Generator 8/19/2019 Annual 8/19/2020 | MY47420837
Seekonk NC-100 Torque Wrench 5/9/2018 Biennial 5/9/2020 22217
Mini-Circuits NLP-2950+ Low Pass Filter DC to 2700 MHz CBT N/A CBT N/A
MiniCircuits ZHDC-16-63-S+ Bidirectional Coupler CBT N/A CBT N/A
MiniCircuits VLF-6000+ Low Pass Filter CBT N/A CBT N/A
SPEAG EX3DV4 SAR Probe 2/19/2019 Annual 2/19/2020 3914
SPEAG EX3DV4 SAR Probe 5/16/2019 Annual 5/16/2020 7406
SPEAG DAE4 Dasy Data Acquisition Electronics 5/8/2019 Annual 5/8/2020 859
SPEAG DAE4 Dasy Data Acquisition Electronics 2/14/2019 Annual 2/14/2020 1272

Note: CBT (Calibrated Before Testing). Prior to testing, the measurement paths containing a cable, amplifier, attenuator, coupler or
filter were connected to a calibrated source (i.e. a signal generator) to determine the losses of the measurement path.

Measurement Uncertainty = +23% (k=2)

Name

Function

Signature

Calibrated By:

Brodie Halbfoster

Team Lead Engineer

_BAROVTE f{ALBFOSTER

Approved By:

Kaitlin O’'Keefe

Senior Technical
Manager

Ko~

Object:
D1900V2 — SN: 5d149

Date Issued:

10/18/2019
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DIPOLE CALIBRATION EXTENSION

Per KDB 865664 D01, calibration intervals of up to three years may be considered for reference dipoles
when it is demonstrated that the SAR target, impedance and return loss of a dipole have remained
stable according to the following requirements:

1. The measured SAR does not deviate more than 10% from the target on the calibration
certificate.
2. The return-loss does not deviate more than 20% from the previous measurement and meets the
required 20dB minimum return-loss requirement.
3. The measurement of real or imaginary parts of impedance does not deviate more than 5Q from
the previous measurement.
The following dipole was checked to pass the above 3 requirements to have 2-year calibration period
from the calibration date:

10232018 | 10/18/2019 | 1193 789% | 205 [ 218 | eoww | s20 | s18 | 11 [ 63 [ 64 [ 01 | 234 | 238 | -180% [ Pass |

10/23/2018

Object: Date Issued:

Page 2 of 4
D1900V2 — SN: 5d149 10/18/2019




Impedance & Return-Loss Measurement Plot for Head TSL
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Impedance & Return-Loss Measurement Plot for Body TSL

®
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PCTEST

7185 Oakland Mills Road, Columbia, MD 21046 USA
Tel. +1.410.290.6652 / Fax +1.410.290.6654
http://www.pctest.com

Certification of Calibration

Object

Calibration procedure(s)

Extension Calibration date:

Description:

D1900V2 — SN: 5d149
Procedure for Calibration Extension for SAR Dipoles.
10/18/2020

SAR Validation Dipole at 1900 MHz.

Calibration Equipment used:

Manufacturer Model Description Cal Date | Cal Interval | Cal Due | Serial Number
Control Company 4040 Therm./Clock/Humidity Monitor 6/29/2019 Biennial 6/29/2021 192291470
Control Company 4352 Ultra Long Stem Thermometer 11/29/2018| Biennial 11/29/2020 181766816
Amplifier Research 1551G6 Amplifier CBT N/A CBT 433971

Narda 4772-3 Attenuator (3dB) CBT N/A CBT 9406
Agilent 85033E 3.5mm Standard Calibration Kit 6/6/2020 Annual 6/6/2021 MY53402352
Rohde & Schwarz ZNLE6 Vector Network Analyzer 9/29/2020 Annual 9/29/2021 101307
Mini-Circuits BW-N20WS5+ DC to 18 GHz Precision Fixed 20 dB Attenuator CBT N/A CBT N/A
SPEAG DAK-3.5 Dielectric Assessment Kit 5/12/2020 Annual 5/12/2021 1070
Anritsu MA2411B Pulse Power Sensor 8/12/2020 Annual 8/12/2021 1207364
Anritsu MA2411B Pulse Power Sensor 9/22/2020 Annual 9/22/2021 1315051
Anritsu ML2495A Power Meter 1/15/2020 Annual 1/15/2021 1328004
Anritsu ML2495A Power Meter 12/17/2019 Annual 12/17/2020 941001
Agilent N5182A MXG Vector Signal Generator 5/13/2020 Annual 5/13/2021 | MY47420603
Pasternack NC-100 Torque Wrench 8/4/2020 Biennial 8/4/2022 N/A
Mini-Circuits NLP-2950+ Low Pass Filter DC to 2700 MHz CBT N/A CBT N/A
MiniCircuits ZHDC-16-63-S+ Bidirectional Coupler CBT N/A CBT N/A
MiniCircuits VLF-6000+ Low Pass Filter CBT N/A CBT N/A
SPEAG EX3DV4 SAR Probe 12/11/2019 Annual 12/11/2020 7570
SPEAG EX3DV4 SAR Probe 12/11/2019 Annual 12/11/2020 7571
SPEAG DAE4 Dasy Data Acquisition Electronics 3/12/2020 Annual 3/12/2021 1368
SPEAG DAE4 Data Acquisition Electronics 6/22/2020 Annual 12/7/2019 1533
Measurement Uncertainty = £23% (k=2)
Name Function Signature
Calibrated By: Brodie Halbfoster | Test Engineer _BROPTE Al BFOSTER.
Approved By: Kaitlin O’Keefe Senior Technical NM“
Manager
Object: Date Issued:
Page 1 of 4
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DIPOLE CALIBRATION EXTENSION

Per KDB 865664 D01, calibration intervals of up to three years may be considered for reference dipoles
when it is demonstrated that the SAR target, impedance and return loss of a dipole have remained
stable according to the following requirements:

1. The measured SAR does not deviate more than 10% from the target on the calibration
certificate.
2. The return-loss does not deviate more than 20% from the previous measurement and meets the
required 20dB minimum return-loss requirement.
3. The measurement of real or imaginary parts of impedance does not deviate more than 5Q from
the previous measurement.
The following dipole was checked to pass the above 3 requirements to have 3-year calibration period
from the calibration date:

10232018 | 10182020 | 1103 | 398 | a0z | 220% | 205 [ 205 [ ooo% | s20 | 491 | 38 | 63 | a6 [ 17 [ 2384 [ 25 [ 131w | Pass

10/23/2018

Object: Date Issued:
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Impedance & Return-Loss Measurement Plot for Head TSL
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Impedance & Return-Loss Measurement Plot for Body TSL
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Calibration Laboratory of

Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

Accredited by the Swiss Accreditation Service (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

S Schweizerischer Kalibrierdienst
Service suisse d'étalonnage

c Servizio svizzero di taratura

S Swiss Calibration Service

SCS 0108

Accreditation No.:

Certificate No: D2450V2-719.Aug20

Object

Calibration procedure(s)

Calibration date:

QA CAL-05.v11

Callbratlon Procedu ':"for SAF{ -Valtdatlon-_Sources between 0 7 3 GHz

D2450V2- SNi719:

Algust 14,2020

Calibration Egquipment used {M&TE critical for calibration)

This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (S1).
The measurements and the uncertainties with confidence probability are given on the following pages and are part of the certificate.

All calibrations have been conducted in the closed laboratory facility: environment temperature (22 + 3)°C and humidity < 70%.

Calibrated by:

Approved by:

Katja Pokovic - :

Primary Standards 1D # Cal Date (Certificate No.) Scheduled Calibration
Power meter NRP SN: 104778 01-Apr-20 (No. 217-03100/03101) Apr-21

Power sensor NRP-Z91 SN: 103244 01-Apr-20 (No. 217-03100) Apr-21

Power sensor NRP-Z91 SN: 103245 01-Apr-20 {No. 217-03101) Apr-21

Reference 20 dB Attenuator SN: BH9394 (20k) 31-Mar-20 {(No. 217-03106) Apr-21

Type-N mismatch combination SN: 310082 / 06327 31-Mar-20 (No. 217-03104) Apr-21

Reference Probe EX3DV4 SN: 7349 29-Jun-20 {No. EX3-7349_Jun20) Jun-21

DAE4 SN: 801 27-Dec-19 {(No. DAE4-601_Dec19} Dec-20

Secondary Standards D # Check Date (in house) Scheduled Check
Power meter E4419B SN: GB39512475 30-Oct-14 {in house check Feb-19) In house check: Oct-20
Power sensor HP 8481A SN: US37292783 07-Cct-15 {in house check Oct-18) In house check: Oct-20
Power sensor HP 8481A SN: MY41092317 07-0Oct-15 {in house check Oct-18) in house check: Oct-20
RF generator R&S SMT-06 SN: 100972 15-Jun-15 {in house check Oct-18) in house cheack: Oct-20
Network Analyzer Agilent EB358A | SN: US41080477 31-Mar-14 {in house check Oct-13) in house check: Cct-20

Function

This calibration cerificate shall not be reproduced except in full without written approval of the laboratory.

: Laboratory Techntc:an__'_- S

" Technical Manager. .

Issued; August 14, 2020

Certificate No: D2450V2-719_Aug20
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Calibration Laboratory of
Schmid & Partner R
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U TN Swiss Calibration Service
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Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL/ NORM x,y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a)

b)

c)

d)

IEEE Std 1528-2013, “IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, June 2013

IEC 62209-1, “Measurement procedure for the assessment of Specific Absorption Rate
(SAR) from hand-held and body-mounted devices used next to the ear (frequency range of
300 MHz to 6 GHz)”, July 2016

IEC 62209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless
communication devices used in close proximity to the human body (frequency range of 30
MHz to 6 GHz)", March 2010

KDB 865664, “SAR Measurement Requirements for 100 MHz to 6 GHz"

Additional Documentation:

e)

DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

Measurement Conditions: Further details are available from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequency indicated.
Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

Feed Point Impedance and Retum Loss: These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measurement at the SMA connector to the feed point. The Return Loss ensures low
reflected power. No uncertainty required.

Electrical Delay: One-way delay between the SMA connector and the antenna feed point.
No uncertainty required.

SAR measured: SAR measured at the stated antenna input power.

SAR normalized: SAR as measured, normalized to an input power of 1 W at the antenna
connector.

SAR for nominal TSL parameters: The measured TSL parameters are used to calculate the
nominal SAR result.

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.
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Measurement Conditions

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

DASY Version DASY5 Vv52.10.4

Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution dx, dy, dz =5 mm

Frequency 2450 MHz + 1 MHz
Head TSL parameters

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 22.0°C 39.2 1.80 mho/m

Measured Head TSL parameters {22.0£0.2) °C 3891+6% 1.84 mho/m+6 %

Head TSL temperature change during test <0.5°C - -
SAR result with Head TSL

SAR averaged over 1 cm? (1 g} of Head TSL Condition

SAR measured 250 mW input power 13.0 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

51.4 W/kg = 17.0 % (k=2)

SAR averaged over 10 cm® {10 g) of Head TSL

condition

SAR measured

250 mW input power

6.09 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

24.2 Wikg = 16.5 % (k=2)

Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 52.7 1.95 mho/m
Measured Body TSL parameters (22.0 £0.2) °C 51516 % 2.03mho/m 86 %
Body TSL temperature change during test <0.5°C —n e
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 13.0 W/kg

SAR for nominai Body TSL parameters

normalized to 1W

50.7 W/kg = 17.0 % (k=2)

SAR averaged over 10 cm?® (10 g) of Body TSL

condition

SAR measured

250 mW input power

6.07 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

23.9 W/kg + 16.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, tfransformed to feed point 559 Q0 +5.6jQ

Return Loss -22.3dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 50.0Q+7.8jQ

Return Loss -22.2dB

General Antenna Parameters and Design

Electrical Delay (one direction} 1.150 ns

After long term use with 100W radiated power, only a slight warming of the dipole near the feedpoint can be measured.

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order to improve matching when loaded according to the position as explained in the
"Measurement Conditions" paragraph. The SAR data are not affected by this change. The overall dipole length is still
according to the Standard.

No excessive force must be applied to the dipole arms, because they might bend or the soldered connections near the
feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG
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DASYS5 Validation Report for Head TSL

Date: 13.08.2020
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:719

Communication System: UID 0 - CW, Frequency: 2450 MHz

Medium parameters used: f = 2450 MHz; ¢ = 1.84 S/m; & = 38.9; p = 1000 kg/m’®
Phantom section: Flat Section

Measurement Standard;: DASYS (IEEE/IEC/ANSI C63.19-2011)

DASYS52 Configuration:

« Probe: EX3DV4 - SN7349; ConvF(7.74, 7.74, 7.74) @ 2450 MHz; Calibrated: 29.06.2020

Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 27.12.2019

Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA; Serial: 1001

DASY52 52.10.4(1527); SEMCAD X 14.6.14(7483)

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 115.2 V/m; Power Drift =-0.09 dB

Peak SAR (extrapolated) =25.3 W/kg

SAR(1 g) =13 W/kg; SAR(10 g) = 6.09 W/kg

Smallest distance from peaks to all points 3 dB below =9 mm

Ratio of SAR at M2 to SAR at M1 =51.6%

Maximum value of SAR (measured) = 21.0 W/kg

-8.00
-12.00

& -16.00

-20.00 ==
dB =21.0 W/kg = 13.22 dBW/kg
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Impedance NMeasurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 14.08.2020

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:719

Communication System: UID 0 - CW; Frequency: 2450 MHz

Medium parameters used: f = 2450 MHz; ¢ = 2.03 S/m; & = 51.5; p = 1000 kg/m?
Phantom section: Flat Section

Measurement Standard: DASY 5 (IEEE/IEC/ANSI C63.19-2011)

DASYS52 Configuration:

Probe: EX3DV4 - SN7349; ConvF(7.82, 7.82, 7.82) @ 2450 MHz, Calibrated: 29.06.2020
Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 27.12.2019

Phantom: Flat Phantom 5.0 (back); Type: QD 000 P50 AA; Serial: 1002

DASY52 52,10.4(1527); SEMCAD X 14.6.14(7483)

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 108.8 V/m; Power Drift = -0.08 dB

Peak SAR (extrapolated) = 24.7 W/kg

SAR( g) =13 W/kg; SAR(10 g) = 6.07 W/kg

Smallest distance from peaks to all points 3 dB below = 8.5 mm

Ratio of SAR at M2 to SAR at M1 =53.5%

Maximum value of SAR (measured) = 20.6 W/kg

0dB =20.6 W/kg = 13.14 dBW/kg
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Impedance Measurement Plot for Body TSL
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Clent PCTest ' Ceriificate No: D2450V2-681_Aug18
CALIBRATION CERTIFICATE

Object D2450V2 - SN:981

Calibration procedura(s) QA CAL-05.v10
Calibration procedure for dipole validation kits above 700 MHz

Y
0g-a6f2o)
Calibration date: AUQ}J_St 16, 2018 - “ L 7 %N‘/j

. o§[r0 {20
This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (SI}.
The measurements and the uncertainties with confidence probability are given on the following pages and are part of the cedificate.

All calibrations have been conducted in the closed laboratory facillty: environment temperature (22 + 8)°C and humnidity < 70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards 1D # Cal Date {Cerificate No.) Scheduled Calibration

Power meter NRP SN: 104778 04-Apr-18 {No. 217-02672/02673) Apr-19

Power sensor NRP-Z31 SN: 103244 04-Apr-18 (No. 217-02672) Apr-18

Power senzor NEP-Z91 SN: 103245 04-Apr-18 (No. 217-02673) Apr-19

Reforence 20 dB Attenuator SN: 5058 (20k) 04-Apr-18 (No. 217-02682) Apr-19

Type-N mismatch combination SN: 5047.2 / 08327 04-Apr-18 (No. 217-02683) Apr-19

Reference Probe EX3DV4 SN: 7349 30-Dec-17 (No. EX3-7349_Dec17) Dec-18

DAE4 SN: 601 26-Oct-17 (No. DAE4-601_OcH7) Oct-18

Seceondary Standards iD# Check Date (in house) Scheduled Check

Power meter EPM-442A SN: GB37480704 07-Qct-15 (in house check Oct-16) In house chack: Oct-18

Power sensor HP 8481A SN; US37292783 07-0ct-15 (in house check Oct-16) In house check; Oct-18

Powsr sensor HP 8481A SN: MY41092317 07-Oct-15 (in house check QOct-1€) In house check: Oct-18

RF generator R&S SMT-06 SN: 100972 15~Jun-15 (in house check Oct-16) In house eheck: Oct-18

Network Analyzer Agilent EB358A | SN: US441080477 31-Mar-14 (in house check Qct-17) In house check: Oct-18
Name Function Signature

Calibrated by: Leif Klysner ' . Laboratory Technician W 7)%/-/
Approved by: Katfa Pokovie ’ * Technical Manager /Z/ z

Issued: August 23, 2018

P

This calibration certificate shaii not be reproduced except in full without written approval of the laboratory.
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Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a) IEEE Std 1528-2013, “IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Technigues”, June 2013

b) IEC 62209-1, “Measurement procedure for the assessment of Specific Absorption Rate

(SAR) from hand-held and body-mounted devices used next to the ear (frequency range of
300 MHz to 6 GHZz)", July 2016

c) |EC 62209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless

communication devices used in close proximity to the human body {frequency range of 30
MHz to 6 GHz)", March 2010

d) KDB 865664, “SAR Measurement Requirements for 100 MHz to § GHz"

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

* Measurement Conditions: Further details are available from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequency indicated.

* Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

» fFeed Point Impedance and Return Loss: These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the

measurement at the SMA connector to the feed point. The Return Loss ensures low
reflected power. No uncertainty required.

* Electrical Delay: One-way delay between the SMA connector and the antenna feed point.
No uncertainty required.

» SAR measured: SAR measured at the stated antenna input power.

* SAR normalized: SAR as measured, normalized to an input power of 1 W at the antenna
connector.

« SAR for nominal TSL parameters: The measured TSL parameters are used to calculate the
nominal SAR result.

The reported uncertainty of measurement is stated as the standard uncertainty of measurement

multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.
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Measurement Conditions

DASY system configuration, as far as not given on page 1.
DASY Version DASYS V52.10.1
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz = 5.0 mm
Frequency 2450 MHz + 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 39.2 1.80 mho/m
Measured Head TSL parameters (22.0x0.2) °C 37.7x6% 1.86 mho/m =6 %
Head TSL temperature change during test <0.5°C - -—-
SAR result with Head TSL
SAR averaged over 1 cm? (1 g) of Head TSL Condition
SAR measured 250 mW input power 13.4 Wrkg
SAR for nominal Head TSL parameters normalized to 1W 52.3 W/kg £ 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 6.20 W/kg
SAR for nominal Head TSL parameters normalized to 1W 24.4 Wikg = 16.5 % (k=2)
Body TSL parameters
The fellowing parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 52.7 1.95 mho/m
Measured Body TSL parameters (22.0x0.2)°C 518+x6% 2.02 mho/m = 6 %
Body TSL temperature change during test <05°C - -
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 13.0 W/kg
SAR for nominal Body TSL parameters normalized to 1W 50.9 W/kg = 17.0 % {k=2)
SAR averaged over 10 cm? (10 g) of Body TSL condition
SAR measured 250 mW input power 6.11 W/kg
SAR for nominal Body TSL parameters normalized to 1W 24.2 Wikg = 16.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 5500 +2.3jQ

Return Loss -25.6 dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 50.2 Q0 +4.7iQ

Return Loss -26.6dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.162 ns

After long term use with 100W radiated power, only a slight warming of the dipole near the feedpoint can be measured.

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order to improve matching when loaded according to the position as explained in the
“Measurement Conditions" paragraph. The SAR data are not affected by this change. The overall dipcle length is still
according to the Standard.

No excessive force must be applied to the dipole arms, because they might bend or the scldered connections near the
feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG

Manufactured on December 30, 2014
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Measurement Conditions

DASY system configuration, as far as not given on page 1 and 3.

Appendix (Additional assessments outside the scope of SCS 0108)

Phantom

SAM Head Phantom

For usage with cSAR3DV2-R/L

SAR result with SAM Head (Top)

SAR averaged over 1 em® (1 g) of Head TSL

Condition

SAR measured

250 mW input power

13.6 Wkg

SAR for nominal Head TSL parameters

normalized to 1W

54.0 W/kg % 17.5 % (k=2)

SAR averaged over 10 cm® {10 g) of Head TSL

condition

SAR measured

250 mW input power

6.33 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

25.2 W/kg + 16.9 % (k=2)

SAR result with SAM Head (Mouth)

SAR averaged over 1 cm® (1 g) of Head TSL

Condition

SAR measured

250 mW input power

13.86 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

54.0 W/kg = 17.5 % (k=2)

SAR averaged over 10 cm? (10 g) of Head TSL

condition

SAR measured

250 mW input power

6.35 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

25.3 W/kg = 16.9 % (k=2)

SAR result with SAM Head (Neck)

SAR averaged over 1 em? (1 g) of Head TSL

Condition

SAR measured

250 mW input power

12.9 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

51.2 W/kg % 17.5 % (k=2)

SAR averaged over 10 cm® (10 g) of Head TSL

condition

SAR measured

250 mW input power

6.11 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

24.4 W/kg = 16.9 % (k=2)

SAR result with SAM Head (Ear)

SAR averaged over 1 cm® (1 ) of Head TSL

Condition

SAR measured

250 mW input power

8.74 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

34.7 W/kg = 17.5 % (k=2)

SAR averaged over 10 cm® (10 g} of Head TSL

condition

SAR measured

250 mW input power

4.40 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

17.5 W/kg = 16.9 % (k=2)
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DASYS5 Validation Report for Head TSL

Date: 13.08.2018
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:981

Communication System: UID 0 - CW: Frequency: 2450 MHz
Medium parameters used: f = 2450 MHz; ¢ = 1.86 S/m; g = 37.7; p = 1000 kg/m?
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-201 1)
DASY52 Configuration:

* Probe: EX3DV4 - SN7349; ConvF(7.88, 7.88, 7.88) @ 2450 MHz; Calibrated: 30.12.2017
* Sensor-Surface: 1.4mm (Mechanical Surface Detection)

* Electronics: DAE4 Sn601; Calibrated: 26.10.2017

¢ Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA: Serial: 1001

* DASY5252.10.1(1476); SEMCAD X 14.6.11(7439)

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 116.6 V/m; Power Drift = -0.03 dB

Peak SAR (extrapolated) = 26.7 Wrkg

SAR(1 g) = 13.4 W/kg; SAR(10 g) = 6.2 W/ikg

Maximum value of SAR (measured) = 22.1 Wirkg

0dB=22.1 W/kg=13.44 dBW/kg
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 13.08.2018
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:981

Communication System: UID 0 - CW; Frequency: 2450 MHz
Medium parameters used: f = 2450 MHz; 6 = 2.02 S/m; & = 51.8; p = 1000 kg/m>
Phantom section: Flat Section

Measurement Standard: DASY5 (IEEE/IEC/ANSI C63.19-201 1
DASY52 Configuration:

« Probe: EX3DV4 - SN7349; ConvF(8.01, 8.01, 8.01) @ 2450 MHz; Calibrated: 30.12.2017
» Sensor-Surface: 1.4mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn601; Calibrated: 26.10.2017

» Phantom: Flat Phantom 5.0 (back): Type: QD 000 P50 AA; Serial: 1002
» DASY52 52.10.1(1476); SEMCAD X 14.6.11(7439)

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 107.0 V/m; Power Drift = -0.08 dB

Peak SAR (extrapolated) = 25.3 W/kg

SAR(1 g) = 13 W/kg; SAR(10 g) = 6.11 Wikg

Maximum value of SAR (measured) = 20.7 Wikg

0dB =20.7 W/kg = 13.16 dBW/kg
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Impedance Measurement Plot for Body TSL
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DASY5 Validation Report for SAM Head

Date: 16.08.2018
Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V?2 - SN:981

Communication System: UID O - CW ; Frequency: 2450 MHz
Medium parameters used: f = 2450 MHz; ¢ = 1.85 S/m; & = 40.2; p = 1000 kg/m3
Measurement Standard: DASYS (IEEE/TEC/ANSI C63.19-201 1)

DASY52 Configuration:

Probe: EX3DV4 - SN7349; ConvF(7.88, 7.88, 7.88) @ 2450 MHz; Calibrated: 30.12.2017
Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 26.10.2017

Phantom: SAM Head

DASYS52 52.10.1(1476); SEMCAD X 14.6.11(7439)

SAM Head Top/Zoom Scan (7x7x7)/Cube 0: Mcasurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 116.2 V/m; Power Drift = 0.00 dB

Peak SAR (extrapolated) = 26.4 W/kg

SAR(1 g) = 13.6 W/kg; SAR(10 g) = 6.33 W/kg

Maximum value of SAR (measured) = 22.0 W/kg

SAM Head Mouth/Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 116.9 V/m; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 26.3 W/kg

SAR(1 g) = 13.6 W/kg; SAR(10 g) = 6.35 W/kg

Maximum value of SAR (measured) = 21.7 W/kg

SAM Head Neck/Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 112.0 V/m; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 24.1 W/kg

SAR(1 g) = 12.9 W/kg; SAR(10 g) = 6.11 W/kg

Maximum value of SAR (measured) = 20.5 W/kg

SAM Head Ear/Zoom Scan (7x7x7)/Cube 0: Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Value = 91.03 V/m; Power Drift = -0.01 dB

Peak SAR (extrapolated) = 15.8 W/kg

SAR(1 g) = 8.74 W/kg; SAR(10 g) = 4.4 W/kg

Maximum value of SAR (measured) = 13.5 W/kg

Certificate No: D2450V2-981_Aug18 Page 10 of 11
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0dB =22.0 W/kg = 13.42 dBW/kg
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PCTEST ENGINEERING LABORATORY, INC.

7185 Oakland Mills Road, Columbia, MD 21046 USA
Tel. +1.410.290.6652 / Fax +1.410.290.6654
http://www.pctest.com

Certification of Calibration

Object D2450V2 — SN: 981

Calibration procedure(s) Procedure for Calibration Extension for SAR Dipoles.
Calibration date: 08/09/2019
Description: SAR Validation Dipole at 2450 MHz.

Calibration Equipment used:

Manufacturer Model Description Cal Date | CalInterval | Cal Due | Serial Number
Agilent 8753ES S-Parameter Network Analyzer 10/2/2018 Annual 10/2/2019 US39170118
Agilent N5182A MXG Vector Signal Generator 6/27/2019 Annual 6/27/2020 US46240505

Amplifier Research 1551G6 Amplifier CBT N/A CBT 343972
Anritsu ML2495A Power Meter 10/21/2018]  Annual 10/21/2019 941001
Anritsu MA2411B Pulse Power Sensor 10/30/2018| Annual 10/30/2019 1207470
Anritsu MA2411B Pulse Power Sensor 11/20/2018 Annual 11/20/2019 1339007

Control Company 4040 Temperature / Humidity Monitor 2/28/2018 Biennial 2/28/2020 150761911
Control Company 4352 Ultra Long Stem Thermometer 2/28/2018 Biennial 2/28/2020 170330160
Keysight 772D Dual Directional Coupler CBT N/A CBT MY52180215
Keysight Technologies 85033E Standard Mechanical Calibration Kit (DC to 9GHz, 3.5mm) 7/2/2019 Annual 7/2/2020 MY53401181
Mini-Circuits BW-N20W5+ DC to 18 GHz Precision Fixed 20 dB Attenuator CBT N/A CBT N/A
Mini-Circuits NLP-2950+ Low Pass Filter DC to 2700 MHz CBT N/A CBT N/A
Narda 4772-3 Attenuator (3dB) CBT N/A CBT 9406
Pasternack PE2209-10 Bidirectional Coupler CBT N/A CBT N/A
Pasternack NC-100 Torque Wrench 5/23/2018 Biennial 5/23/2020 N/A
SPEAG EX3DV4 SAR Probe 2/19/2019 Annual 2/19/2020 7417
SPEAG DAE4 Dasy Data Acquisition Electronics 2/13/2019 Annual 2/13/2020 665
SPEAG EX3DV4 SAR Probe 7/15/2019 Annual 7/15/2020 7547
SPEAG DAE4 Dasy Data Acquisition Electronics 7/11/2019 Annual 7/11/2020 1323
SPEAG DAK-3.5 Dielectric Assessment Kit 9/11/2018 Annual 9/11/2019 1091

Measurement Uncertainty = +23% (k=2)

Name Function Signature

Calibrated By: Brodie Halbfoster Test Engineer BROPTE fia sFoSTER.

Approved By: Kaitlin O’Keefe Senior Technical M]L._
Manager

Object: Date Issued:
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DIPOLE CALIBRATION EXTENSION

Per KDB 865664 D01, calibration intervals of up to three years may be considered for reference dipoles
when it is demonstrated that the SAR target, impedance and return loss of a dipole have remained
stable according to the following requirements:

1. The measured SAR does not deviate more than 10% from the target on the calibration
certificate.
2. The return-loss does not deviate more than 20% from the previous measurement and meets the
required 20dB minimum return-loss requirement.
3. The measurement of real or imaginary parts of impedance does not deviate more than 5Q from
the previous measurement.
The following dipole was checked to pass the above 3 requirements to have 2-year calibration period
from the calibration date:

8162018 | _8/912019 it62 | 523 | 6553 | s7aw | 24 | 256 | a9 | 5 | s3s [ 15 | 23 [ 11 | 12 | 256 | 285 [ -1130%

8/16/2018

Object: Date Issued:
D2450V2 — SN: 981 08/09/2019
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Impedance & Return-Loss Measurement Plot for Head TSL

Object: Date Issued:
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Impedance & Return-Loss Measurement Plot for Body TSL

Object: Date Issued:
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PCTEST

7185 Oakland Mills Road, Columbia, MD 21046 USA
Tel. +1.410.290.6652 / Fax +1.410.290.6654
http://www.pctest.com

Certification of Calibration

Object

Calibration procedure(s)

D2450V2 — SN: 981

Procedure for Calibration Extension for SAR Dipoles.

Extension Calibration date: 8/16/2020

Description:

SAR Validation Dipole at 2450 MHz

Calibration Equipment used:

Manufacturer Model Description Cal Date | CalInterval | Cal Due | Serial Number
Control Company 4040 Therm./Clock/Humidity Monitor 6/29/2019 Biennial 6/29/2021 192291470
Control Company 4352 Ultra Long Stem Thermometer 11/29/2018| Biennial 11/29/2020 181766816

Amplifier Research 1551G6 Amplifier CBT N/A CBT 433971
Narda 4772-3 Attenuator (3dB) CBT N/A CBT 9406
Agilent 85033E 3.5mm Standard Calibration Kit 6/6/2020 Annual 6/6/2021 MY53402352
Rohde & Schwarz ZNLE6 Vector Network Analyzer 10/11/2019 Annual 10/11/2020 101307
Mini-Circuits BW-N20W5+ DC to 18 GHz Precision Fixed 20 dB Attenuator CBT N/A CBT N/A
SPEAG DAKS-3.5 Portable DAK 9/10/2019 Annual 9/10/2020 1045
Anritsu MA2411B Pulse Power Sensor 8/14/2019 Annual 8/14/2020 1315051
Anritsu MA2411B Pulse Power Sensor 8/27/2019 Annual 8/27/2020 1339027
Anritsu ML2495A Power Meter 12/17/2019 Annual 12/17/2020 941001
Agilent N5182A MXG Vector Signal Generator 8/19/2019 Annual 8/19/2020 | MY47420837
Seekonk Inc NC-100 Torque Wrench 8/4/2020 Biennial 8/4/2022 N/A
MiniCircuits ZHDC-16-63-S+ Bidirectional Coupler CBT N/A CBT N/A
MiniCircuits VLF-6000+ Low Pass Filter CBT N/A CBT N/A
SPEAG EX3DV4 SAR Probe 1/21/2020 Annual 1/21/2021 3589
SPEAG EX3DV4 SAR Probe 6/23/2020 Annual 6/23/2021 7409
SPEAG DAE4 Dasy Data Acquisition Electronics 6/18/2020 Annual 6/18/2021 1334
SPEAG DAE4 Dasy Data Acquisition Electronics 6/23/2020 Annual 1/13/2021 1558

Measurement Uncertainty = +23% (k=2)

Name Function Signature

Calibrated By: Brodie Halbfoster Test Engineer BROPTE HiasFoSTER.

Approved By: Kaitlin O’Keefe Senior Technical M]L._

Manager

Object:
D2450V2 — SN: 981

Date Issued:

Page 1 of 4
08/16/2020




DIPOLE CALIBRATION EXTENSION

Per KDB 865664 D01, calibration intervals of up to three years may be considered for reference dipoles
when it is demonstrated that the SAR target, impedance and return loss of a dipole have remained
stable according to the following requirements:

1. The measured SAR does not deviate more than 10% from the target on the calibration
certificate.
2. The return-loss does not deviate more than 20% from the previous measurement and meets the
required 20dB minimum return-loss requirement.
3. The measurement of real or imaginary parts of impedance does not deviate more than 5Q from
the previous measurement.
The following dipole was checked to pass the above 3 requirements to have 3-year calibration period
from the calibration date:

81612018 | _8/16/2020 it62 | 523 | 531 | s3% | 24 [ 24 | tee% | 5 | s34 [ 16 [ 23 [ 11 | 12 | 256 | 280 [ -t200%

8/16/2018 | 8/16/2020

Object: Date Issued:
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Impedance & Return-Loss Measurement Plot for Head TSL
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Impedance & Return-Loss Measurement Plot for Body TSL
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Calibration Laboratory of \o\‘@’f
Schmid & Partner %

Engineering AG

Schweizerischer Kalibrierdienst
Service suisse d'étalonnage
Servizio svizzero di taratura

1,
Y,

S
Cc
S

) PN .
Zsughausstrasse 43, 8004 Zurich, Switzerland ] fﬁ\“\ Swiss Calibration Service
I
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Client

CALIBR

Certificate No: D2450V2-797_Sep20

Object D2450V2 - SN:797 -+ i

Calibration procedure(s)

libration Procedure fbr'.SAR_-\féIE@_ati_oh S:O_L'_J_'rces'.be't\'.vi}ééh 073 GHz :

Calibration date: Septemnber:09, 2020 i R e 10-18+#20
This calibration cerlificate documents the traceability to national standards, which realize the physical units of measurements (S).
The measurements and the uncertainties with confidence probability are given on the following pages and are part of the centificate.

All calibrations have been conducted in the closed laboratory facility: environment temperature (22 + 3)°C and humidity < 70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards ID# Cal Date (Certificate No.) Scheduled Calibration

Power meter NRP SN: 104778 01-Apr-20 (No. 217-03100/03101) Apr-21

Pawer sensor NRP-Z91 SN: 103244 01-Apr-20 (No. 217-03100) Apr-21

Power sensor NRP-Z91 SN; 103245 01-Apr-20 {(No. 217-03101) Apr-21

Reference 20 dB Attenuator SN: BH9394 (20k) 31-Mar-20 (No. 217-03106) Apr-21

Type-N mismatch combination SN: 310982/ 06327 31-Mar-20 (No. 217-03104) Apr-21

Reference Probe EX3DV4 SN: 7344 29-Jun-20 (No. EX3-7348_Jun20) Jun-21

DAE4 SN: 601 27-Dec-19 {(No. DAE4-601_Dec18) Dec-20

Secondary Standards 1D # Check Date {in house) Scheduled Check

Power meter E4419B8 SN: GB39512475 30-Oct-14 (in house check Feb-189) In house check: Oct-20

Power sensor HP 8481A SN: U337292783 07-Oct-15 (in house check Oct-18) in house check: Oct-20

Power sensor HP 8481A SN: MY41092317 07-Qct-15 (in house check Oct-18) tn house check: Qct-20

RF generator R&S SMT-06 SN: 100972 15-Jun-15 {in house check Oct-18) in house check: Oct-20

Network Analyzer Agilent ES358A | SN: US41080477 31-Mar-14 {in house check Oct-19) In house check: Oct-20
Name Function Signature

Calibrated by: Jeffrey Kaizman © i L aboratory Technician

Approved by: Katja Pokovic 1 i E 'ét:;hﬁica_l Manager

lssued: September 10, 2020

This calibration certificate shall not be reproduced except in full without written approval of the laboratory.

Certificate No; D2450V2-797_Sep20 Page 10f8




Calibration Laboratory of
Schmid & Partner —r
Engineering AG

st N T
\\“\\\y/"/,, Schweizerischer Kalibrierdienst
Service suigse d'étalonnage

Servizio svizzero di taratura

4

fgi‘

N

LN
Zeughausstrasse 43, 8004 Zurich, Switzerland 140,/’//:\\\\‘0\3 Swiss Calibration Service
LTI
Accredited by the Swiss Accraditation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y,z

N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a) IEEE Std 1528-2013, “IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, June 2013

b} IEC 62209-1, "Measurement procedure for the assessment of Specific Absorption Rate
(SAR) from hand-held and body-mounted devices used next to the ear (frequency range of
300 MHz to 6 GHz)”, July 2016

c) IEC 62209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless
communication devices used in close proximity to the human body (frequency range of 30
MHz to 6 GHz)", March 2010

d) KDB 865664, “SAR Measurement Requirements for 100 MHz to 6 GHz"

Additional Documentation:

e)

DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

Measurement Conditions: Further details are available from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequency indicated.
Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

Feed Point Impedance and Relurn Loss: These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measurement at the SMA connector to the feed point. The Return Loss ensures low
reflected power. No uncertainty required.

Electrical Delay: One-way delay between the SMA connector and the antenna feed point.
No uncertainty required.

SAR measured: SAR measured at the stated antenna input power.

SAR normalized: SAR as measured, normalized to an input power of 1 W at the antenna
connector.

SAR for nominal TSL parameters: The measured TSL parameters are used to calculate the
nominal SAR result.

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.

Certificate No: D2450V2-797_Sep20 Page 2 of 8




Measurement Conditions
DASY system configuration, as far as not g

iven on page 1.

DASY Version DASYS \V52,10.4

Extrapolation Advanced Extrapclation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution dx, dy,dz =5 mm

Frequency 2450 MHz £ 1 MHz
Head TSL parameters

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 22.0°C 39.2 1.80 mho/m

Measured Head TSL parameters (220x0.2)°C 3B2+6% 1.85 mho/m + 6 %

Head TSL temperature change during test <056°C -
SAR result with Head TSL

SAR averaged over 1 cm?® (1 g} of Head TSL Condition

SAR measured 250 mW input power 13.4 W/kg

SAR for nominal Head TSL paramelers

normalized to 1W

52.4 Wikg £ 17.0 % (k=2)

SAR averaged over 10 cm® {10 g) of Head TSL

condition

SAR measured

250 mW input power

6.22 Wikg

SAR for nominal Head TSL parameters

normalized to TW

24.6 Wikg  16.5 % (k=2)

Body TSL parameters

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 527 1.95 mho/m
Measured Body TSL parameters (22.0+0.2)°C 51.8x6% 2.02 mho/m £6 %
Body TSL temperature change during test <0.5°C ——- -
SAR result with Body TSL
SAR averaged over 1 em?® {1 g) of Body TSL Condition
SAR measured 250 mW input power 12.6 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

49.4 Wikg + 17.0 % (k=2)

SAR averaged over 10 cm® (10 g) of Body TSL

condition

SAR measured

250 mW input power

5.92 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

23.4 Wikg * 16.5 % (k=2)

Certificate No: D2450V2-797_Sep20
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 530Q +68jQ

Return Loss -22.9dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 481 Q+9.2jQ

Return Loss -20.6dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.152 ns

After long term use with 100W radiated power, only a slight warming of the dipole near the feedpoint can be measured.

The dipole is made of standard semirigid coaxial cable. The center canductor of the feeding line is directly connected to the
second arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order to improve matching when loaded according to the position as explained in the
"Measurement Conditions" paragraph. The SAR data are not affected by this change. The overall dipole length is still
according to the Standard.

No excessive force must be applied to the dipole arms, because they might bend or the soldered connections near the
feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG

Certificate No: D2450V2-797_Sep20 Page 4 of 8




DASYS5 Validation Report for Head TSL

Date: 08.09.2020

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:797

Communication System: UID 0 - CW; Frequency: 2450 MHz

Medium parameters used: f = 2450 MHz; ¢ = 1.85 S/m; & = 38.2; p = 1000 kg/m*
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2011)

DASYS52 Configuration:

Probe: EX3DV4 - SN7349; ConvF(7.74, 7.74, 7.74) @ 2450 MHz; Calibrated: 29.06.2020
Sensor-Surface: 1.4mm (Mechanical Surfac‘e Detection)

Electronics: DAE4 Sn601; Calibrated: 27.12.2019

Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA; Serial: 1001

DASYS52 52.10.4(1527); SEMCAD X 14.6.14(7483)

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 115.0 V/m; Power Drift =-0.04 dB

Peak SAR (extrapolated) = 26.2 W/kg

SAR(1 g) = 13.4 W/kg; SAR(10 g) = 6.22 W/kg

Smallest distance from peaks to all points 3 dB below =9 mm

Ratio of SAR at M2 to SAR at M1 =51.2%

Maximum value of SAR (measured) = 21.8 W/kg

0dB=21.8Wkg=13.395dBW/kg

Certificate No: D2450V2-797_Sep20 Page 50of 8




Impedance Measurement Plot for Head TSL

File - View.. Channel Sweep. Callbration Trare ~Scale - Marker System Window. Help .

Chifweg= 20

Chi: Stant 225000 GHz

£
|

o

15

[

¥
B

o (N
1 M2

i :-, .'-
ER M|

L
Pt bt

4

r

T ol

N ateE

Stop 2.E500F GHz |

oo
4500

0.0
L5 )
Lioao

-15.00
L2000

2450000

}25.09
30,00
500
140 00

Statys

Ch 1 éneg = |20

| Chi: Start 225000 GHz

CH1 i

Shop 2 5000 GHz

oL

Certificate No: D2450V2-797 _Sep20

Page 60of 8




DASY5 Validation Report for Body TSL

Date: 09.09.2020
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:797

Communication System: UID 0 - CW; Frequency: 2450 MHz

Medium parameters used: f = 2450 MHz; o =2.02 S/m; & = 51.8; p = 1000 kg/m?
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2011)

DASY 52 Configuration:

Probe: EX3DV4 - SN7349; ConvF(7.82, 7.82, 7.82) @ 2450 MHz; Calibrated: 29.06.2020
o Sensor-Surface: 1.4mm (Mechanical Surface Detection)

o Electronics: DAE4 Sn601; Calibrated: 27.12.2019

« Phantom: Flat Phantom 5.0 (back); Type: QD 000 P50 AA; Serial: 1002

o DASYS5252.10.4(1527); SEMCAD X 14.6.14(7483)

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 106.8 V/m; Power Drift = -0.02 dB

Peak SAR (extrapolated) = 23.9 W/kg

SAR(1 g) = 12.6 W/kg; SAR(10 g) =5.92 W/kg

Smallest distance from peaks to all points 3 dB below = 9 mm

Ratio of SAR at M2 to SAR at M1 = 53.7%

Maximum value of SAR (measured) = 20.0 W/kg

0 dB =20.0 W/kg = 13.01 dBW/kg
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Impedance Measurement Plot for Body TSL
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Calibration Laboratory of

Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

Accredited by the Swiss Accreditation Service (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration cerlificates

Object

Calibration procsdure(s)

Calibration date:

Calibration Equipment used (M&TE eritical for cafibration)

\\\\‘\“l“l’l/,, .
§\\\§—i///'2 S Schweizerlscher E(alibrlerdlenst
éb\EE/MR:E c Service suisse d'étalonnage
Nt Servizio svizzero di taratura
6’/,///:\:\\\“ S swiss Calibration Service

Accreditation No.: SCS 0108

This calibration certlficate documents the traceabllity to national standards, which realize the physical units of measurements (S1).
The measuraments and the uncertainties with confidence probability are given on the following pages and are part of the certificate.

All oalibrations have been conducted in the closed laboratory tacliity: snviranment temperature (22 & 3)°C and humidity <70%.

0o 12
2

Network Analyzer HP 8753E

Calibrated by:

Approved by:

SN: US37380585

18-Oct-01 {in house check Oct-17)

This calibration cartificate shall not be reproduced except in full without written approval of the laboratory.

Primary Standards D # Cal Date (Certiflcate No.) Scheduled Calibration
Power meter NRP SN: 104778 04-Apr-18 (No, 217-02672/02673) Apr-19

Power sensor NRP-Z91 SN: 103244 04-Apr-18 (Na. 217-02672) Apr-19

Power sensor NRP-Z91 SN: 108245 04-Apr-18 (No. 217-02673) Apr-19

Referance 20 dB Attenuator SN: 5058 (20K} 04-Apr-18 (No. 217-02682) Apr-19

Type-N mismatch combination SN: 5047.2/ 06327 04-Apr-18 (No. 217-02683) Apr-19

Refesence Probe EX3DV4 SN: 7349 30-Dec-17 (No. EX38-7349_Deci7) Dec-18

DAE4 SN: 601 26-Qct-17 (No, DAE4-601,_Oct17) Oct-18

Secondary Standards ID# Check Date (in house) Scheduled Check
Power meter EPM-4424 SN: GB37480704 07-Oct-15 {in house check Oct-16) In house cheock: Oct-18
Power sensor HP 8481A SN: US37292783 07-Qct-15 (in house check Oct-16) In house check: Oct-18
Power sensor HP 8481A SN: MY41092317 07-Oct-15 (in house check Oct-16) In house check: Oct-18
RF gensrator A8S SMT-06 SN: 100972 15-Jun-15 (in house check Oct-16) in houss check: Oct-18

In house check: Oct-18

Signaturs
o7 T4 T B

&

issued: April 12, 2018

Certificate No: D2600V2-1004,_Apr18
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Zeughausstrasse 43, 8004 Zurich, Switzerland % /ff——\\\\\‘\\‘ S  Sswiss Calibration Service
MUTIITA
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y,z
N/A not applicable or not measured

Calibration is Performed According to the Foliowing Standards:
a) IEEE Std 1528-2013, “lIEEE Recommended Practice for Determining the Peak Spatial-

b)

c)

d)

Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, June 2013

IEC 62209-1, “Measurement procedure for the assessment of Specific Absorption Rate
(SAR) from hand-held and body-mounted devices used next to the ear (frequency range of
300 MHz to 6 GHz)", July 2016

IEC 62209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless

communication devices used in close proximity to the human body (frequency range of 30
MHz to 6 GHz)", March 2010

KDB 865664, “SAR Measurement Requirements for 100 MHz to 6 GHz”

Additional Documentation:

e)

DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

Measurement Conditions: Further details are available from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequency indicated.
Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

Feed Point Impedance and Return Loss: These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measurement at the SMA connector to the feed point. The Return Loss ensures low
reflected power. No uncertainty required.

Electrical Delay: One-way delay between the SMA connector and the antenna feed point.
No uncertainty required.

SAR measured: SAR measured at the stated antenna input power.

SAR normalized: SAR as measured, normalized to an input power of 1 W at the antenna
connector.

SAR for nominal TSL parameters: The measured TSL parameters are used to calculate the
nominai SAR result.

The reported uncertainty of measurement is stated as the standard uncertainty of measurement

multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.
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Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASY5 Vv52.10.0
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy,dz =5 mm
Frequency 2600 MHz + 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 39.0 1.96 mho/m
Measured Head TSL parameters (22.0£0.2)°C 378+6% 2.03 mho/m+6 %
Head TSL temperature change during test <05°C
SAR result with Head TSL
SAR averaged over 1 cm® (1 g} of Head TSL Condition
SAR measured 250 mW input power 14.3 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

55.9 W/kg = 17.0 % (k=2)

SAR averaged over 10 cm® (10 g) of Head TSL

condition

SAR measured

250 mW input power

6.35 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

25.1 Wikg = 16.5 % (k=2)

Body TSL parameters

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 52.5 2.16 mho/m
Measured Body TSL parameters (22.0+0.2) °C 521 +6% 219 mho/m £ 6 %
Body TSL temperature change during test <0.5°C . -
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition

SAR measured

250 mW input power

13.8 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

54.8 W/Kg +17.0 % (k=2)

SAR averaged over 10 cm?® (10 g) of Body TSL

condition

SAR measured

250 mW input power

6.20 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

24.7 W/kg + 16.5 % (k=2)
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 47.7 Q- 5.7 jQ

Return Loss -24.1dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 46.0Q-3.8]Q

Return Loss -24.9dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.149 ns

After long term use with 100W radiated power, only a slight warming of the dipole near the feedpoint can be measured.

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order to improve matching when loaded according to the position as explained in the
"Measurement Conditions” paragraph. The SAR data are not affected by this change. The overall dipole length is stiil
according to the Standard.

No excessive force must be applied to the dipole arms, because they might bend or the soldered connections near the
feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG

Manufactured on December 23, 2006
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DASY5 Validation Report for Head TSL

Date: 11.04.2018
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN: 1004

Communication System: UID 0 - CW; Frequency: 2600 MHz

Medium parameters used: f = 2600 MHz; ¢ = 2.03 S/m; & = 37.8; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/TEC/ANSI C63.19-2011)

DASYS52 Configuration:
¢ Probe: EX3DV4 - SN7349; ConvF(7.7, 7.7, 7.7); Calibrated: 30.12.2017;

Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 26.10.2017

Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA; Serial: 1001

DASY52 52.10.0(1446); SEMCAD X 14.6.10(7417)

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 118.5 V/m; Power Drift = -0.04 dB

Peak SAR (extrapolated) = 28.6 W/kg

SAR(1 g) = 14.3 W/kg; SAR(10 g) = 6.35 W/kg

Maximum value of SAR (measured) = 23.9 W/kg

0 dB =23.9 W/kg = 13.78 dBW/kg
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Impedance Measurement Plot for Head TSL

11 Apr 2018 11:25:16
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DASYS5 Validation Report for Body TSL

Date: 11.04.2018
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN: 1004

Communication System: UID 0 - CW; Frequency: 2600 MHz

Medium parameters used: f = 2600 MHz; 6 = 2.19 S/m; & = 52.1; p = 1000 kg/m?
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2011)

DASYS52 Configuration:
» Probe: EX3DV4 - SN7349; ConvF(7.81, 7.81, 7.81); Calibrated: 30.12.2017;
o Sensor-Surface: 1.4mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn601; Calibrated: 26.10.2017
» Phantom: Flat Phantom 5.0 (back); Type: QD 000 P50 AA; Serial: 1002
o DASYS52 52.10.0(1446); SEMCAD X 14.6.10(7417)

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 108.5 V/m; Power Drift = -0.09 dB

Peak SAR (extrapolated) = 28.3 W/kg

SAR(1 g) = 13.8 W/kg; SAR(10 g) = 6.2 W/kg

Maximum value of SAR (measured) = 22.9 W/kg

-10.40
-15.60

& -20.80

-26.00

0 dB = 22.9 W/kg = 13.60 dBW/kg
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Impedance Measurement Plot for Body TSL
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PCTEST ENGINEERING LABORATORY, INC.

7185 Oakland Mills Road, Columbia, MD 21046 USA
Tel. +1.410.290.6652 / Fax +1.410.290.6654
http://www.pctest.com

Certification of Calibration

Object D2600V2 — SN: 1004

Calibration procedure(s) Procedure for Calibration Extension for SAR Dipoles.
Extension Calibration date: 4/11/2019

Description: SAR Validation Dipole at 2600 MHz.

Calibration Equipment used:

Manufacturer Model Description Cal Date | CalInterval | Cal Due | Serial Number
Agilent 8753ES S-Parameter Network Analyzer 3/11/2019 Annual 3/11/2020 US39170122
Agilent N5182A MXG Vector Signal Generator 4/18/2018 Annual 4/18/2019 | MY47420800

Amplifier Research 1551G6 Amplifier CBT N/A CBT 433971
Anritsu MA2411B Pulse Power Sensor 11/20/2018|  Annual 11/20/2019 1027293
Anritsu MA2411B Pulse Power Sensor 10/30/2018| Annual 10/30/2019 1126066
Anritsu ML2495A Power Meter 10/21/2018 Annual 10/21/2019 941001

Control Company 4040 Therm./ Clock/ Humidity Monitor 10/9/2018 Biennial 10/9/2020 181647811
Control Company 4352 Ultra Long Stem Thermometer 5/2/2017 Biennial 5/2/2019 170330156
Keysight 772D Dual Directional Coupler CBT N/A CBT MY52180215
Keysight Technologies 85033E Standard Mechanical Calibration Kit (DC to 9GHz, 3.5mm) 6/4/2018 Annual 6/4/2019 MY53401181
MiniCircuits VLF-6000+ Low Pass Filter CBT N/A CBT N/A
Mini-Circuits BW-N20W5+ DC to 18 GHz Precision Fixed 20 dB Attenuator CBT N/A CBT N/A
Narda 4772-3 Attenuator (3dB) CBT N/A CBT 9406
Pasternack PE2209-10 Bidirectional Coupler CBT N/A CBT N/A
Seekonk NC-100 Torque Wrench 7/11/2018 Annual 7/11/2019 N/A
SPEAG EX3DV4 SAR Probe 6/25/2018 Annual 6/25/2019 7409
SPEAG DAE4 Dasy Data Acquisition Electronics 6/18/2018 Annual 6/18/2019 1334
SPEAG DAE4 Dasy Data Acquisition Electronics 2/13/2019 Annual 2/13/2020 665
SPEAG EX3DV4 SAR Probe 2/19/2019 Annual 2/19/2020 7417
SPEAG DAK-3.5 Dielectric Assessment Kit 9/11/2018 Annual 9/11/2019 1091

Measurement Uncertainty = +23% (k=2)

Name Function Signature
Calibrated By: Brodie Halbfoster Test Engineer BROPLE {ALBFOSTER.
Approved By: Kaitlin O’Keefe Senior Technical M]L._
Manager
Object: Date Issued:
Page 1 of 4
D2600V2 — SN: 1004 04/11/2019




DIPOLE CALIBRATION EXTENSION

Per KDB 865664 D01, calibration intervals of up to three years may be considered for reference dipoles
when it is demonstrated that the SAR target, impedance and return loss of a dipole have remained
stable according to the following requirements:

1. The measured SAR does not deviate more than 10% from the target on the calibration
certificate.
2. The return-loss does not deviate more than 20% from the previous measurement and meets the
required 20dB minimum return-loss requirement.
3. The measurement of real or imaginary parts of impedance does not deviate more than 5Q from
the previous measurement.
The following dipole was checked to pass the above 3 requirements to have 2-year calibration period
from the calibration date:

4112018 | 412019 | 1149 | 550 | 551 | a3 | 251 | 247 | tse% | 477 | 485 [ o8 [ 67 | 51 | o6 | 241 [ 256 [ 63m%

4112018 | 41112019

Object: Date Issued:
D2600V2 — SN: 1004 04/11/2019
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Impedance & Return-Loss Measurement Plot for Head TSL

Object: Date Issued:

Page 3 of 4
D2600V2 — SN: 1004 04/11/2019




Impedance & Return-Loss Measurement Plot for Body TSL
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PCTEST

7185 Oakland Mills Road, Columbia, MD 21046 USA

http://www.pctest.com

Tel. +1.410.290.6652 / Fax +1.410.290.6654

Object

Certification of Calibration

Calibration procedure(s)

Extension Calibration date:

Description:

Calibration Equipment used:

D2600V2 — SN: 1004

Procedure for Calibration Extension for SAR Dipoles.

4/11/2020

SAR Validation Dipole at 2600 MHz.

Manufacturer Model Description Cal Date | CalInterval | Cal Due | Serial Number
Control Company 4040 Therm./Clock/Humidity Monitor 6/29/2019 Biennial 6/29/2021 192291470
Control Company 4352 Ultra Long Stem Thermometer 8/2/2018 Biennial 8/2/2020 181334684

Amplifier Research 1551G6 Amplifier CBT N/A CBT 433971
Narda 4772-3 Attenuator (3dB) CBT N/A CBT 9406
Keysight Technologies 85033E Standard Mechanical Calibration Kit (DC to 9GHz, 3.5mm) 7/2/2019 Annual 7/2/2020 MY53401181
Rohde & Schwarz ZNLE6 Vector Network Analyzer 10/11/2019 Annual 10/11/2020 101307
Mini-Circuits BW-N20W5+ DC to 18 GHz Precision Fixed 20 dB Attenuator CBT N/A CBT N/A
SPEAG DAKS-3.5 Portable DAK 9/10/2019 Annual 9/10/2020 1045
Anritsu MA2411B Pulse Power Sensor 8/14/2019 Annual 8/14/2020 1315051
Anritsu MA2411B Pulse Power Sensor 8/8/2019 Annual 8/8/2020 1339008
Anritsu ML2495A Power Meter 12/17/2019 Annual 12/17/2020 941001
Agilent N5182A MXG Vector Signal Generator 8/19/2019 Annual 8/19/2020 | MY47420837
Seekonk NC-100 Torque Wrench (8" Ib) 5/23/2018 Biennial 5/23/2020 22217
MiniCircuits ZHDC-16-63-S+ Bidirectional Coupler CBT N/A CBT N/A
MiniCircuits VLF-6000+ Low Pass Filter CBT N/A CBT N/A
SPEAG EX3DV4 SAR Probe 1/21/2020 Annual 1/21/2021 3589
SPEAG EX3DV4 SAR Probe 9/19/2019 Annual 9/19/2020 7552
SPEAG DAE4 Dasy Data Acquisition Electronics 9/12/2019 Annual 9/12/2020 1449
SPEAG DAE4 Dasy Data Acquisition Electronics 1/13/2020 Annual 1/13/2021 1558
. _ ) _
Measurement Uncertainty = +23% (k=2)
Name Function Signature
Calibrated By: Brodie Halbfoster Test Engineer BROPTE {aLBFOSTER.
i 1: y . .
Approved By: Kaitlin O’Keefe Senior Technical M]L._
Manager
Object: Date Issued:
Page 1 of 4
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DIPOLE CALIBRATION EXTENSION

Per KDB 865664 D01, calibration intervals of up to three years may be considered for reference dipoles
when it is demonstrated that the SAR target, impedance and return loss of a dipole have remained
stable according to the following requirements:

1. The measured SAR does not deviate more than 10% from the target on the calibration
certificate.
2. The return-loss does not deviate more than 20% from the previous measurement and meets the
required 20dB minimum return-loss requirement.
3. The measurement of real or imaginary parts of impedance does not deviate more than 5Q from
the previous measurement.
The following dipole was checked to pass the above 3 requirements to have 3-year calibration period
from the calibration date:

4112018 | 412020 | 1419 | 550 | 578 | 340% | 251 [ 25 | 3t9% | 477 | 490 [ 13 [ 67 | 45 | 12 | 241 [ 26 | -t050% | Pass |

4112018 | 411112020

Object: Date Issued:
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Impedance & Return-Loss Measurement Plot for Head TSL
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Impedance & Return-Loss Measurement Plot for Body TSL
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Accredited by the Swiss Accreditation Service (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Client F;C Test

CALIBRATION CERTIFICATE

Accreditation No.: SCS 0108

Certificate No: D5GHZV2-1237 _Aug18

Ohject DSGHZV2 - SN:1237

QA CAL-2213 : | N
Calibration procedure for dipole validation kits between 3-6 GHz (2 95\12

Calibration procedure(s)

Calibration date;

August 10, 2018

Calibration Equipment used (M&TE critical for calibration)

o

%u\\‘/ N
oﬁloqg

This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (S(}.
The measuremenis and the unceriginies with confidence probability are given on the following pages and are part of the certificate.

Al calibrations have been conducted in the closed laboratory facility: environment temperature {22 « 3)°C and humidity < 70%.

Primary Standards ID # Cal Date (Certificate No.) Scheduled Calibration
Fower meter NRP SN: 104778 04-Apr-18 (No. 217-02672/02673) Apr-19

Power sensor NRP-Z91 SN: 103244 04-Apr-18 (No, 217-02672) Apr-19

Power sensor NRP-Z$1 SN: 103245 04-Apr-18 (No. 217-02673) Apr-19

Reference 20 dB Attenuatar SN: 3058 (20k) 04-Apr-18 (No. 217-02882) Apr-1%

Type-N mismatch combination SN: 5047.2 / 06327 04-Apr-18 (No. 217-02683) Apr-18

Reference Probs EX3DV4 SN: 3503 30-Dec-17 (No. EX3-3503_Decl7) Dec-18

DAE4 Sh: 601 26-Oct-17 (No. DAE4-601_QOct17) Qct-18

Secandary Standands D # Check Date {in houss) Schedufed Check

Power meter EPM-442A

Power sensor HP 8481A

FPower sensor HP 8481A

AF generator R&S SMT-06
Network Analyzer Agilent EB35BA

SN: GB37480704
SN: U837292783
SN: MY41092317
SN: 100872

SN: US41080477

07-Oct-15 (In house check Cct-16)
Q7-0Oct-15 {in house check Oct-16)
07-0ct-15 (in house check Oct-16)
15-Jun-15 {in house check Oct-16)
31-Mar-14 (in house check Oct17)

in house check: Qct-18
in house check: Oct-18
In house check: Oct-18
In house check: Oct-18
in house check: Oct-198

Name Funcion Signature
Calibrated by: Manu Seitz Laboratory Technician
Approved by; Katia Pokovic Technical Manager /g
Issued: August 17, 2018
This calibration certificate shall not be reproducad except in full without wiitlen approval of the laboratory. ]
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Calibration Laboratory of SO

\\\_/?,; S Schweizerischer Kalibrierdienst
Schmid & Partner iﬁeg‘_/m& c Service suisse d'étalonnage
Engineering AG LT Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland ! /ﬁ\\x‘ S swiss Calibration Service
I' 1l ‘\
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a) |IEEE Std 1528-2013, “IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, June 2013

b) IEC 82209-1, “Measurement procedure for the assessment of Specific Absorption Rate

(SAR) from hand-held and body-mounted devices used next to the ear (frequency range of
300 MHz to 6 GHz)", July 2016

c) IEC 62209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless

communication devices used in close proximity to the human body (frequency range of 30
MHz to 6 GHz)", March 2010

d) KDB 865664, “SAR Measurement Requirements for 100 MHz to 6 GHz”

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

* Measurement Conditions: Further details are available from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequency indicated.

» Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

* Feed Point Impedance and Retum Loss: These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measurement at the SMA connector to the feed point. The Return Loss ensures low
reflected power. No uncertainty required.

* Electrical Delay: One-way delay between the SMA connector and the antenna feed point.
No uncertainty required.

» SAR measured: SAR measured at the stated antenna input power.

* SAR normalized: SAR as measured, normalized to an input power of 1 W at the antenna
connector.

« SAR for nominal TSL parameters: The measured TSL parameters are used to calculate the
nominal SAR result.

The reported uncertainty of measurement is stated as the standard uncertainty of measurement

multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.

Certificate No: DEGHzV2-1237_Aug18 Page 2 of 13




Measurement Conditions

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

DASY Version

DASYS Vv52.10.1
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom V5.0
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy =4.0 mm, dz = 1.4 mm Graded Ratio = 1.4 (Z direction)

Frequency

5250 MHz + 1 MHz
5600 MHz £ 1 MHz
5750 MHz + 1 MHz

Head TSL parameters at 5250 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 35.9 4.71 mho/m
Measured Head TSL parameters {22.0+0.2) °C 356+6% 4.61 mho/m £ 6 %
Head TSL temperature change during test <0.5°C -—
SAR result with Head TSL at 5250 MHz
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 100 mW input power 8.15 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

81.3 W/kg + 19.9 % (k=2)

SAR averaged over 10 cm? (10 g) of Head TSL

condition

SAR measured

100 mW input power

2.36 Wiy

SAR for nominal Head TSL parameters

normalized tc 1W

23.5 W/kg = 19.5 % (k=2)

Certificate No: D5GHzV2-1237_Aug18
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Head TSL parameters at 5600 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 35.5 5.07 mho/m
Measured Head TSL parameters (22.0x£0.2) °C 35.1x£6% 4.98 mho/m =6 %
Head TSL temperature change during test <05°C
SAR result with Head TSL at 5600 MHz
SAR averaged over 1 cm® {1 g) of Head TSL Condlition
SAR measured 100 mW input power 8.60 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

85.7 W/ kg = 19.9 % (k=2)

SAR averaged over 10 cm® (10 g) of Head TSL

condition

SAR measured

100 mW input power

2.46 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

24.5 W/kg = 19.5 % (k=2)

Head TSL parameters at 5750 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 354 5.22 mho/m
Measured Head TSL parameters (22.0x+0.2) °C 34986 % 5.14 mho/m =6 %
Head TSL temperature change during test <0.5°C -
SAR result with Head TSL at 5750 MHz
SAR averaged over 1 cm? (1 g) of Head TSL Condition
SAR measured 100 mW input power 8.09 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

80.6 W/kg = 19.9 % (k=2)

SAR averaged over 10 cm® (10 g) of Head TSL

condition

SAR measured

100 mW input power

2.32 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

23.1 Wkg + 19.5 % (k=2)

Ceriificate No: D5GHzV2-1237_Aug18
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Body TSL parameters at 5250 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 48.9 5.36 mho/m
Measured Body TSL parameters {(22.0x0.2)°C 4698 % 5.48 mho/m =6 %
Body TSL temperature change during test <0.5°C - -
SAR result with Body TSL at 5250 MHz
SAR averaged over 1 cm?® (1 g) of Body TSL Condition
SAR measured 100 mW input power 7.62 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

75.6 W/kg 2 19.9 % (k=2)

SAR averaged over 10 cm?® (10 g) of Body TSL

condition

SAR measured

100 mW input power

2.14 W/kg

SAR for nominal Body TSL parameters

ncrmalized to 1W

21.2 Wikg = 19.5 % (k=2)

Body TSL parameters at 5600 MHz

The following parameters and calculations were applied.

Temperature Permitlivity Conductivity
Nominal Body TSL parameters 22.0°C 48.5 5.77 mho/m
Measured Body TSL parameters (22.0+0.2)°C 46.3+6% 5.96 mho/m + 6 %
Body TSL temperature change during test <05°C
SAR result with Body TSL at 5600 MHz
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 100 mW input power 7.91 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

78.5 W/kg = 19.9 % (k=2)

SAR averaged over 10 cm?® (10 g) of Body TSL

condition

SAR measured

100 mW input power

2.22 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

22.0 W/kg = 19,5 % (k=2)

Certificate No: D5GHzV2-1237_Aug18
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Body TSL parameters at 5750 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 48.3 5.94 mho/m
Measured Body TSL parameters (22.0+0.2) °C 46.0 6 % 6.16 mho/m +6 %
Body TSL temperature change during test <0.5°C -—- -
SAR result with Body TSL at 5750 MHz
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 100 mW input power 7.65 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

75.9 Wikg = 19.9 % (k=2)

SAR averaged over 10 cm® (10 g) of Body TSL

condition

SAR measured

100 mW input power

2.14 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

21.2 W/kg = 19.5 % (k=2)

Certificate No: D5SGHzV2-1237_Aug18

Page 6 of 13




Appendix {Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL at 5250 MHz

Impedance, transformed to feed point 47.50-35jQ

Return Loss -27.0dB
Antenna Parameters with Head TSL at 5600 MHz

Impedance, transformed to feed point 501 Q+47jQ

Return Loss -26.7dB
Antenna Parameters with Head TSL at 5750 MHz

Impedance, transformed to feed point 527Q+08]Q

Return Loss -31.2dB
Antenna Parameters with Body TSL at 5250 MHz

Impedance, transformed to feed point 485Q-1.3jQ

Return Loss -28.2dB
Antenna Parameters with Body TSL at 5600 MHz

Impedance, transformed to feed point 53.1Q+62jQ

Return Loss -23.5dB
Antenna Parameters with Body TSL at 5750 MHz

Impedance, transformed to feed point 536Q+21[Q

Return Loss -27.9dB
General Antenna Parameters and Design

Electrical Delay (one direction) 1,195 ns

After long term use with 100W radiated power, only a slight warming of the dipole near the feedpoint can be measured.

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order to improve matching when loaded according to the position as explained in the
"Measurement Conditions" paragraph. The SAR data are not affected by this change. The overall dipole length is still

according to the Standard.

No excessive force must be applied io the dipole arms, because they might bend or the soldered connections near the

feedpoint may be damaged.

Additional EUT Data

Manufactured by

SPEAG

Manufactured on

May 04, 2015

Certificate No: D5GHzV2-1237_Aug18
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DASYS5 Validation Repori for Head TSL

Date: 10.08.2018
Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole DSGHzV2; Type: DSGHzV2; Serial: DSGHzV2 - SN:1237

Communication System: UID 0 - CW; Frequency: 5250 MHz, Frequency: 5600 MHz, Frequency: 5750 MHz
Medium parameters used: f = 5250 MHz; 6 = 4.61 S/m; & = 35.6; p = 1000 kg/m3 s

Medium parameters used: f = 5600 MHz; 0 =4.98 S/m; & =35.1; p = 1000 kg/m?,

Medium parameters used: f = 5750 MHz; 6 = 5.14 S/m; & = 34.9; p = 1000 kg/m®

Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2011)

DASY52 Configuration:

e Probe: EX3DV4 - SN3503; ConvF(5.51, 5.51, 5.51) @ 5250 MHz, ConvF(5.05, 5.05, 5.05) @ 5600
MHz, ConvF(4.98, 4.98, 4.98) @ 5750 MHz; Calibrated: 30.12.2017

e Sensor-Surface: 1.4mm (Mechanical Surface Detection)

¢ Electronics: DAE4 Sn601 (5GHz); Calibrated: 26.10.2017

o Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA; Serial: 1001
« DASY5252.10.1(1476); SEMCAD X 14.6.11(7439)

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5250 MHz/Zoom Scan,
dist=1.41mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 75.17 V/m; Power Drift = -0.03 dB

Peak SAR (extrapolated) =27.8 W/kg

SAR(1 g) = 8.15 W/kg; SAR(10 g) = 2.36 W/kg

Maximum value of SAR (measured) = 18.4 W/kg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5600 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 75.53 V/m; Power Drift =-0.05 dB

Peak SAR (extrapolated) = 32.4 W/kg

SAR(1 g) = 8.6 W/kg; SAR(10 g) = 2.46 W/kg

Maximum value of SAR (measured) = 20.2 W/kg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5750 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 73.04 V/m; Power Drift = -0.04 dB

Peak SAR (extrapolated) = 31.1 W/kg

SAR(1 g) = 8.09 W/kg; SAR(10 g) = 2.32 W/kg

Maximum value of SAR (measured) = 19.9 W/kg

Certificate No; D5GHzV2-1237_Aug18 Page 8 of 13
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Impedance Measurement Plot for Head TSL

File Wew Channel
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DASYS5 Validation Report for Body TSL

Date: 10.08.2018
Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole D5GHzV2; Type: DSGHzV2; Serial: DSGHzV2 - SN:1237

Communication System: UID 0 - CW; Frequency: 5250 MHz, Frequency: 5600 MHz, Frequency: 5750 MHz
Medium parameters used: f = 5250 MHz; 6 = 5.49 S/m; & =46.9; p = 1000 kg/m® ,

Medium parameters used: f = 5600 MHz; ¢ = 5.96 S/m; & = 46.3; p = 1000 kg/m

Medium parameters used: f = 5750 MHz; ¢ = 6.16 S/m; & = 46; p = 1000 kg/m®

Phantom section: Flat Section

Measurement Standard: DASY5 (IEEE/IEC/ANSI C63.19-2011)

DASY52 Configuration:

e Probe: EX3DV4 - SN3503; ConvF(5.26, 5.26, 5.26) @ 5250 MHz, ConvF(4.65, 4.65, 4.65) @ 5600
MHz, ConvF(4.57, 4.57, 4.57) @ 5750 MHz; Calibrated: 30.12.2017

» Sensor-Surface: 1.4mm (Mechanical Surface Detection)

s Electronics: DAE4 Sn601 (5GHz); Calibrated: 26.10.2017

« Phantom: Flat Phantom 5.0 (back); Type: QD 000 P50 AA; Serial: 1002
« DASY5252.10.1(1476); SEMCAD X 14.6.11(7439)

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5250 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 68.22 V/m; Power Drift = -0.09 dB

Peak SAR (extrapolated) = 28.5 W/kg

SAR(1 g) = 7.62 W/kg; SAR(10 g) = 2.14 W/kg

Maximum value of SAR (measured) = 17.3 W/kg

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5600 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 67.51 V/m; Power Drift = -0.07 dB

Peak SAR (extrapolated) = 32.1 W/kg

SAR(1 g) =7.91 W/kg; SAR(10 g) = 2.22 W/kg

Maximum value of SAR (measured) = 18.5 W/kg

Dipole Calibration for Body Tissue/Pin=100mW, dist=10mm, f=5750 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 65.91 V/m; Power Drift =-0.08 dB

Peak SAR (extrapolated) = 31.7 W/kg

SAR(1 g) = 7.65 W/kg; SAR(10 g) = 2.14 W/kg

Maximum value of SAR (measured) = 18.0 W/kg
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Impedance Measurement Plot for Body TSL
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PCTEST ENGINEERING LABORATORY, INC.

7185 Oakland Mills Road, Columbia, MD 21046 USA
Tel. +1.410.290.6652 / Fax +1.410.290.6654
http://www.pctest.com

Object

Calibration procedure(s)

Certification of Calibration

D5GHzV2 — SN: 1237

Extended Calibration date: 08/09/2019

Description:

SAR Validation Dipole at 5GHz

Calibration Equipment used:

Procedure for Calibration Extension for SAR Dipoles.

Manufacturer Model Description Cal Date | CalInterval | Cal Due | Serial Number
Agilent 8753ES S-Parameter Network Analyzer 10/2/2018 Annual 10/2/2019 US39170118
Agilent N5182A MXG Vector Signal Generator 6/27/2019 Annual 6/27/2020 US46240505
Amplifier Research 1551G6 Amplifier CBT N/A CBT 343972
Anritsu ML2495A Power Meter 10/21/2018 Annual 10/21/2019 941001
Anritsu MA2411B Pulse Power Sensor 10/30/2018 Annual 10/30/2019 1207470
Anritsu MA2411B Pulse Power Sensor 11/20/2018 Annual 11/20/2019 1339007
Control Company 4040 Temperature / Humidity Monitor 2/28/2018 Biennial 2/28/2020 150761911
Control Company 4352 Ultra Long Stem Thermometer 2/28/2018 Biennial 2/28/2020 170330160
Keysight 772D Dual Directional Coupler CBT N/A CBT MY52180215
Keysight Technologies 85033E Standard Mechanical Calibration Kit (DC to 9GHz, 3.5mm) 7/2/2019 Annual 7/2/2020 MY53401181
Mini-Circuits BW-N20W5+ DC to 18 GHz Precision Fixed 20 dB Attenuator CBT N/A CBT N/A
MiniCircuits VLF-6000+ Low Pass Filter CBT N/A CBT N/A
Narda 4772-3 Attenuator (3dB) CBT N/A CBT 9406
Pasternack PE2209-10 Bidirectional Coupler CBT N/A CBT N/A
Pasternack NC-100 Torque Wrench 5/23/2018 Biennial 5/23/2020 N/A
SPEAG EX3DV4 SAR Probe 2/19/2019 Annual 2/19/2020 7417
SPEAG DAE4 Dasy Data Acquisition Electronics 2/13/2019 Annual 2/13/2020 665
SPEAG EX3DV4 SAR Probe 7/15/2019 Annual 7/15/2020 7547
SPEAG DAE4 Dasy Data Acquisition Electronics 7/11/2019 Annual 7/11/2020 1323
SPEAG DAK-3.5 Dielectric Assessment Kit 9/11/2018 Annual 9/11/2019 1091
. _ 0 _
Measurement Uncertainty = +23% (k=2)
Name Function Signature
Calibrated By: Brodie Halbfoster Test Engineer BROPEE iaL8FoSTER.
K 1 y . .
Approved By: Kaitlin O’Keefe Senior Technical ML_
Manager
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DIPOLE CALIBRATION EXTENSION

Per KDB 865664 D01, calibration intervals of up to three years may be considered for reference dipoles
when it is demonstrated that the SAR target, impedance and return loss of a dipole have remained
stable according to the following requirements:

1. The measured SAR does not deviate more than 10% from the target on the calibration
certificate.
2. The return-loss does not deviate more than 20% from the previous measurement and meets the
required 20dB minimum return-loss requirement.
3. The measurement of real or imaginary parts of impedance does not deviate more than 5Q from
the previous measurement.
The following dipole was checked to pass the above 3 requirements to have 2-year calibration period
from the calibration date:

| _s250 | #/10/2018 8912019
[ 5600 | &/10/2018
[ sms0 | sioz018 | 892019

[ 5250 | sr10:2018 | /912019
[ seo0 [ s102018
[ s150 | #/10/2018 8912019,
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Impedance & Return-Loss Measurement Plot for Head TSL
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Impedance & Return-Loss Measurement Plot for Body TSL
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PCTEST

7185 Oakland Mills Road, Columbia, MD 21046 USA
Tel. +1.410.290.6652 / Fax +1.410.290.6654
http://www.pctest.com

Object

Calibration procedure(s)

Certification of Calibration

D5GHzV2 — SN: 1237

Extended Calibration date: 08/10/2020

Description:

SAR Validation Dipole at 5GHz

Calibration Equipment used:

Procedure for Calibration Extension for SAR Dipoles.

Manufacturer Model Description Cal Date | CalInterval | Cal Due | Serial Number
Control Company 4040 Therm./Clock/Humidity Monitor 6/29/2019 Biennial 6/29/2021 192291470
Control Company 4352 Ultra Long Stem Thermometer 11/29/2018| Biennial 11/29/2020 181766816

Amplifier Research 1551G6 Amplifier CBT N/A CBT 433971
Narda 4772-3 Attenuator (3dB) CBT N/A CBT 9406
Agilent 85033E 3.5mm Standard Calibration Kit 6/6/2020 Annual 6/6/2021 MY53402352
Rohde & Schwarz ZNLE6 Vector Network Analyzer 10/11/2019 Annual 10/11/2020 101307
Mini-Circuits BW-N20W5+ DC to 18 GHz Precision Fixed 20 dB Attenuator CBT N/A CBT N/A
SPEAG DAKS-3.5 Portable DAK 9/10/2019 Annual 9/10/2020 1045
Anritsu MA2411B Pulse Power Sensor 8/14/2019 Annual 8/14/2020 1315051
Anritsu MA2411B Pulse Power Sensor 8/27/2019 Annual 8/27/2020 1339027
Anritsu ML2495A Power Meter 12/17/2019 Annual 12/17/2020 941001
Agilent N5182A MXG Vector Signal Generator 8/19/2019 Annual 8/19/2020 | MY47420837
Seekonk Inc NC-100 Torque Wrench 8/4/2020 Biennial 8/4/2022 N/A
MiniCircuits ZHDC-16-63-S+ Bidirectional Coupler CBT N/A CBT N/A
MiniCircuits VLF-6000+ Low Pass Filter CBT N/A CBT N/A
SPEAG EX3DV4 SAR Probe 4/21/2020 Annual 4/21/2021 7357
SPEAG EX3DV4 SAR Probe 5/18/2020 Annual 5/18/2021 7538
SPEAG DAE4 Dasy Data Acquisition Electronics 6/1/2020 Annual 7/15/2021 1322
SPEAG DAE4 Dasy Data Acquisition Electronics 6/6/2020 Annual 4/15/2021 1407
. _ ) _
Measurement Uncertainty = +23% (k=2)
Name Function Signature
Calibrated By: Brodie Halbfoster Test Engineer BROPTE {aLBFOSTER.
i 1: y . .
Approved By: Kaitlin O’Keefe Senior Technical M]L._
Manager
Object: Date Issued:

D5GHzV2 — SN: 1237
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DIPOLE CALIBRATION EXTENSION

Per KDB 865664 D01, calibration intervals of up to three years may be considered for reference dipoles
when it is demonstrated that the SAR target, impedance and return loss of a dipole have remained
stable according to the following requirements:

1. The measured SAR does not deviate more than 10% from the target on the calibration
certificate.
2. The return-loss does not deviate more than 20% from the previous measurement and meets the
required 20dB minimum return-loss requirement.
3. The measurement of real or imaginary parts of impedance does not deviate more than 5Q from
the previous measurement.
The following dipole was checked to pass the above 3 requirements to have 3-year calibration period
from the calibration date:

| 5250 | 8102018 | 8/10/2020
[ 5600 | 8102018 | 8/10/2020
[ 5750 | 8102018 | 8/10/2020

[ s2s0 | si02018 | 102020 -
[ se00 | #/10/2018 | 8/10/2020 X
[ s1s0_ | /102018 | 8/10/2020

Object: Date Issued:

Page 2 of 4
D5GHzV2 — SN: 1237 08/10/2020




Impedance & Return-Loss Measurement Plot for Head TSL

Trel S11 dBMag 5dB/Ref-20dB Cal Offs oo 1w
5 1 5.250000 GHz -25.6056 dB
25600000 GHz -30.8864 dB|
| 5 3 5.750000 GHz -27.7927 dB
-10
-15
20.dB q 3 |
-25 = y /F’_M
5 ~
L _35 f\—/\/
i T
-45
Ch1 Center 5.5GHz Pwr -10dBm Bw 10kHz Span 1GHz
Tre2 S11 Smith 200 mU/Ref 1U  Cal Offs oo 2w
1 5.250000 GHz 51.528 Q
45.131 Q
5.908410 pF
2 5.600000 GHz 49.133 Q
j2.684 Q
76.276011 pH
+3 5.750000 GHz 53212 Q
(‘) j2.742 Q
75.900281 pH
Ch1 Center 5.5GHz Pwr -10dBm Bw 10kHz Span 1GHz
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Impedance & Return-Loss Measurement Plot for Body TSL

Trel S11 dBMag 5dB/Ref-20dB Cal Offs oo 1w
5 1 5.250000 GHz -31.5775 dB
Z 5.bUVU0U GRz -Z4.5765 db
|5 +3 5.750000 GHz -24.6893 dB
-10
-15
R—ZELCIR 3 —f
L 25 1 ) A v ———
r-30 !/\‘\
> W/
45 Vv
Ch1 Center 5.5GHz Pwr -10dBm Bw 10kHz Span 1GHz
Tre2 S11 Smith 200 mU/Ref TU Cal Offs == 2~
1 5.250000 GHz 48.697 Q
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2 5.600000 GHz 48.291 Q
j5.792 Q
164.615267 pH
3 5.750000 GHz 54733 Q
j3.522 Q
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Ch1 Center 5.5GHz Pwr -10dBm Bw 10kHz Span 1 GHz
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Accredited by the Swiss Accreditation Service (SAS)
Tha Swiss Accreditation Service Is one of the slgnatories to the EA
Multilateral Agreement for the recognitian of callbration certificates

.PC Test

Accreditation No.: SCS 0108

Client Cenlificats No: DSGH2V2-1057_Jan1s

CALIBRATION CERTIFICATE

Object D5GHzV2 - SN:10567

Callbralion procedura(s) QA CAL-22.v2

Calibrafion procedure for dipole validation kits between 3-6 GHz

BNJ

o125+ 2018

Callbration date: January 18, 2018

This callbration certificate documenls the iraceabilily to nalional standards, which realize the physical unils of measurements (SI). g M
The measurements and the inmcertaintles with confidance probabiiity are given on the following pages and are part of Ihe ceriilicale. O’)_f o0& {

B0

All eallbrations have baen conducted in the closed lehoratory Facility: environment femperature (22 x 3)°C and humidity < 70%

This cafibration ceriilicate shall not be reproduced axcept in {ull without written approval of the laboratory,

Calibration Equipment used (METE critical for calibration) G { [ |
Primery Standards D & Cal Date {Cerlificate No.) Scheduled Calibration
Power meter NAP SN: 104778 O4-Apr-17 (No. 217-02521/02522) Apr-18

Power sensor NRP-Z91 SN: 103244 04-Apr-17 (No. 217-02521) Apr-18

Power sgnsor NAP-Z91 SN: 103245 04-Apr-17 (No. 217-02522) Apr18

Reference 20 dB Atlenualor SN: 5058 (20k) 07-Apr-17 {Mo. 21702528} Apr-18

Type-N mismatch combination SN: 50472708327 G7-Apr-17 (No. 217-0252%) Apr-ig

Refarence Probe EX3Dv4 SN: 3503 80-Dec-17 {No. EX3-3503_Deci7?) Dec-18

DAE4 SN: 601 26-0ct-17 {No. DAE4-601_0ct1 7 Cel-18

Secondary Standards iD# Check Dale ({in house) Scheduled Check
Poweer meter EPM-4424 SN: GB37480704 07-0Oct-15 (In house check Oct-16) in house check: Oct-18
Powar sensor HP 8481A SN: USara9278s 07-Oct-15 ([ house check Oct-16) in house check: Oct-18
Power sensor HP 84814 SN: MY41092317 07-Oct-15 [in housa check Oct-163 in house chack: Oct-18
AF generator A&S SMT-06 SN: 100972 15-Jun-15 {in housa check Qct-16) In house check; Qct-18
Netwerk Analyzer HP 8753E SN: US97390585 18-0ct-01 (in house check Oct-17) {n house check: QOct-18

Narmz Funclion Signature

Callbrated by: Leif Kiysner Laboratory Techniclan Wg
Approved by: Kaltja Pokevic Technicel Manager

R

Issued: January 18, 2018

Carttificate No: DEGHzV2-1057_Jan18
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Calibration Laboratory of ~‘\\‘\\QJL/ ", Schweizerischer Kalibrierdienst

. & %, S
Schmid & Partner iﬁ&ié c Service sulsse d'étalonnage
Engineering AG e S Servizio svizzero di taratura
. £ /'/-_—'-\\ S S . . . .
Zeughausstrasse 43, 8004 Zurich, Switzerland g ’m‘ xS Swiss Calibration Service
thglade
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration cerfificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL/ NORM x,y,z
N/A not applicable or not measured

Calibration is Performed According to the Foliowing Standards:

a) |IEEE Std 1528-2013, “IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, June 2013

b) 1EC 62209-1, “Measurement procedure for the assessment of Specific Absorption Rate
(SAR) from hand-held and body-mounted devices used next to the ear (frequency range of
300 MHz to 6 GHz)”, July 2016

c) IEC 62209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless

communication devices used in close proximity to the human body (frequency range of 30
MHz to 6 GHz)", March 2010

d) KDB 865664, “SAR Measurement Requirements for 100 MHz to 6 GHz"

Additional Documentation:
e) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

o Measurement Conditions: Further detaits are available from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequency indicated.

* Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
paralle! to the body axis.

e Feed Point Impedance and Return Loss: These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measurement at the SMA connector to the feed point. The Return Loss ensures low
reflected power. No uncertainty required.

o FElectrical Delay: One-way delay between the SMA connector and the antenna feed point.
No uncertainty required.

+ SAHR measured: SAR measured at the stated antenna input power.

SAR normalized: SAR as measured, normalized to an input power of 1 W at the antenna
connector.

« SAR for nominal TSL parameters: The measured TSL parameters are used to calculate the
nominal SAR resuit.

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 85%.
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Measurement Conditions

DASY system configuration, as far as not g

iven on page 1.

DASY Version DASYS V52.10.0
Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantem V5.0

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution

dx, dy=4.0 mm, dz = 1.4 mm

Graded Ratio = 1.4 (Z direction)

Frequency

5200 MHz £ 1 MHz
5250 MHz + 1 MHz
5600 MHz + 1 MHz
5750 MHz £ 1 MMz

5800 MHz + 1 MHz

Head TSL parameters at 5250 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 35.9 4.71 mho/m
Measured Head TSL parameters (22.0x0.2) °C 362x6% 4.55 mho/m + 6 %
Head TSL temperature change during test <0.5°C -
SAR result with Head TSL at 5250 MHz
SAR averaged over 1 cm® ({1 g) of Head TSL Condition
SAR measured 100 mW input power 7.91 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

79.2 Wikg = 19.9 % (k=2)

SAR averaged over 10 cm?® (10 g) of Head TSL

condition

SAR measured

100 mW input power

2.28 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

22.8 Wikg £ 19.5 % (k=2)
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Head TSL parameters at 5600 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 35.5 5.07 mho/m
Measured Head TSL parameters (22.0x0.2}°C 358+8% 4.90 mho/m £ 6 %
Head TSL temperature change during test <0.5°C s
SAR result with Head TSL at 5600 MHz
SAR averaged over 1 cm? (1 g) of Head TSL Condition
SAR measured 100 mW input power 8.41 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

84.1 Wikg = 19.9 % (k=2)

SAR averaged over 10 cm® (10 g) of Head TSL

condition

SAR measured

100 mW input power

2.40 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

24,0 Wikg + 19.5 % (k=2)

Head TSL parameters at 5750 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 354 5.22 mho/m
Measured Head TSL parameters (22.0£0.2)°C 35526% 5.06 mho/m =6 %
Head TSL temperature change during test <05°C
SAR result with Head TSL at 5750 MHz
SAR averaged over 1 cm? (1 g) of Head TSL Condition

SAR measured

100 mW input power |

8.06 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

80.5 Wikg + 19.9 % (k=2)

SAR averaged over 10 cm? (10 g} of Head TSL

condition

SAR measured

100 mW input power

2.30 Wikg

SAR for nominal Head TSL parameters

normalized to TW

23.0 W/kg = 19.5 % (k=2)
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Body TSL parameters at 5200 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 49.0 5.30 mho/m
Measured Body TSL parameters (22.0x0.2)°C 473+6% 5.41 mho/m +6 %
Body TSL temperature change during test <05°C - -
SAR result with Body TSL at 5200 MHz
SAR averaged over 1 cm?® {1 g) of Body TSL Condition

SAR measured

100 mW input power

7.36 W/kg

SAR for nominal Body TSL parameters

normalized fo 1W

73.1 Wikg £ 19.9 % (k=2)

SAR averaged over 10 em® (10 g) of Body TSL

condition

SAR measured

100 mW input power

2.06 W/kg

SAR for nominal Body TSL paramelers

normalized to 1W

20.4 W/kg = 19.5 % (k=2)

Body TSL parameters at 5250 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 48.9 5.36 mho/m
Measured Body TSL parameters (22.0:0.2)°C 47216 % 5.48 mho/m =6 %
Body TSL temperature change during test <05°C
SAR result with Body TSL at 5250 MHz
SAR averaged over 1 cm® (1 g) of Bady TSL Condition
SAR measured 100 mW input power 7.64 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

75.9 W/kg = 19.9 % (k=2)

SAR averaged over 10 cm?® (10 g) of Body TSL

condition

SAR measured

100 mW input power

2,13 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

21.1 Wikg  19.5 % {k=2)
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Body TSL parameters at 5600 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 48.5 5.77 mho/m
Measured Body TSL parameters (22.0+£0.2)°C 466 +6 % 594 mho/m+6%
Body TSL temperature change during test <0.5°C
SAR result with Body TSL at 5600 MHz
SAR averaged over 1 cm? {1 g) of Body TSL Condition
SAR measured 100 mW input power 8.05 W/kg

SAR for nominal Bedy TSL parameters

normalized to 1W

79.9 Wikg = 19.9 % (k=2)

SAR averaged over 10 cm?® (10 g) of Body TSL

condition

SAR measured

100 mW input power

2.25 W/kg

SAR for nominal Body TSL parameters

normalized to 1W

22,3 Wikg £19.5 % (k=2)

Body TSL parameters at 5750 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 48.3 5.94 mho/m
Measured Body TSL parameters (22.0+£0.2)°C 46.3+6% 6.15 mho/m +6 %
Body TSL temperature change during test <0.5°C - -
SAR result with Body TSL at 5750 MHz
SAR averaged over 1 cm? (1 g) of Body TSL Condition
SAR measured 100 mW input power 7.72 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

76.7 Wikg + 19.9 % (k=2)

SAR averaged over 10 cm?® (10 g) of Body TSL

condition

SAR measured

100 mW input power

2.14 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

21.2 Wikg £ 19.5 % (k=2)
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Body TSL parameters at 5800 MHz

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 48.2 6.00 mho/m
Measured Body TSL parameters (22.0+0.2)°C 48.2 +6 % 6.22 mho/m+6 %
Body TSL temperature change during test <0.5°C e
SAR result with Body TSL at 5800 MHz
SAR averaged over 1 cm® {1 g) of Body TSL Condition
SAR measured 100 mW input power 7.68 W/kg

SAR for nominal Body TSL parameters

nomualized to 1W

76.3 Wikg £19.9 % (k=2)

SAR averaged over 10 cm® (10 g) of Body TSL

condition

SAR measured

100 mW input power

2.13 Wikg

SAR for nominal Body TSL parameters

normalized to 1W

21.1 Wikg = 19.5 % (k=2)

Certificate No: D5GHzV2-1057_Jan18

Page 7 of 20




Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL at 5250 MHz

Impedance, transformed to feed point 500Q-55jQ

Retum Loss -25.2dB
Antenna Parameters with Head TSL at 5600 MHz

Impedance, transformed to feed point 547Q-21Q

Return Loss -26.2dB
Antenna Parameters with Head TSL at 5750 MHz

Impedance, transformed to feed point 527 Q+00jQ

Return Loss -315dB
Antenna Parameters with Body TSL at 5200 MHz

Impedance, transformed to feed point 493 Q-6.7Q

Return Loss -23.4dB
Antenna Parameters with Body TSL at 5250 MHz

Impedance, transformed to feed point 48.4Q-39jQ

Retum Loss -27.4 dB
Antenna Parameters with Body TSL at 5600 MHz

Impedance, transformed to feed point 553Q-1.6jQ

Return Loss -25.6dB
Antenna Parameters with Body TSL at 5750 MHz

Impedance, transformed to feed point 526 Q+1.1jQ

Return Loss -31.2dB
Antenna Parameters with Body TSL at 5800 MHz

Impedance, transformed to feed point 51.80Q-04jQ

Return Loss -34.9dB
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General Antenna Parameters and Design

Electrical Delay (one direction) 1.203 ns

After long term use with 100W radiated power, only a slight warming of the dipole near the feedpoint can be measured.

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is direclly connected to the
second arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order to improve matching when loaded according to the position as explained in the
"Measurement Conditions" paragraph. The SAR data are not affected by this change. The overall dipole length is still
according to the Standard.

No excessive force must be applied 1o the dipcle arms, because they might bend or the soldered connections near the
feedpoint may be damaged.

Additional EUT Data
Manufactured by SPEAG
Manufactured on November 27, 2006
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Appendix (Additional assessments outside the scope of SCS 0108)

Measurement Conditions (f=5200 MHz)

DASY system configuration, as far as not given on page 1 and 3.

Phantom

SAM Head Phantom

For usage with cSAR3DV2-R/L

SAR result with SAM Head (Top)

SAR averaged over 1 cm?® (1 g) of Head TSL

Conditicn

SAR measured

100 mW input power

8.24 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

82.6 W/kg + 20.3 % (k=2)

SAR averaged over 10 cm? (10 g) of Head TSL

condition

SAR measured

100 mW input power

2.35 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

23.6 W/kg + 19.9 % (k=2)

SAR result with SAM Head (Mouth)

SAR averaged over 1 cm? (1 g) of Head TSL

Condition

SAR measured

100 mW input power

8.54 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

85.6 Wrkg = 20.3 % (k=2)

SAR averaged over 10 cm® (10 g) of Head TSL

condition

SAR measured

100 mW input power

2,37 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

23,7 Wikg = 19.9 % (k=2)

SAR result with SAM Head (Neck)

SAR averaged over 1 cm?® (1 g) of Head TSL

Condition

SAR measured

100 mW input power

8.14 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

81.6 Wikg £ 20.3 % (k=2)

SAR averaged over 10 cm® (10 g) of Head TSL

condition

SAR measured

100 mW input power

2.37 Wikg

SAR for nominal Head TSL parameters

normatized to 1W

23.7 Wikg £ 19.9 % (k=2)

SAR result with SAM Head (Ear)

SAR averaged over 1 cm® (1 g) of Head TSL

Condition

SAR measured

100 mW input power

5.16 Wrkg

SAR for nominal Head TSL parameters

normalized to 1W

51.7 Wikg = 20.3 % (k=2)

SAR averaged over 10 cm?® (10 g) of Head TSL

condition

SAR measured

100 mW input power

1.76 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

17.7 Wikg = 19.9 % (k=2)
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Measurement Conditions ({=5800 MHz)

DASY system configuration, as far as not given on page 1 and 3.

Phantom

SAM Head Phantom

For usage with cSAR3DV2-R/L

SAR result with SAM Head (Top)

SAR averaged over 1 cm?® (1 g) of Head TSL

Condition

SAR measured

100 mW input power

8.62 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

86.3 W/kg x 20.3 % (k=2)

SAR averaged over 10 cm? (10 g) of Head TSL

condition

SAR measured

100 mW input power

2.41 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

24.1 W/kg = 19.9 % (k=2)

SAR result with SAM Head (Mouth)

SAR averaged over 1 cm® (1 g) of Head TSL

Condition

SAR measured

100 mW input power

8.88 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

86.9 W/kg + 20.3 % (k=2)

SAR averaged over 10 cm® (10 g) of Head TSL

condition

SAR measured

100 mW input power

2.44 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

24.4 Wikg + 19.9 % (k=2)

SAR result with SAM Head (Neck)

SAR averaged over 1 cm?® (1 g) of Head TSL

Condition

SAR measured

100 mW input power

8.33 Wrkg

SAR for nominal Head TSL parameters

normalized to 1W

83.4 Wikg = 20.3 % (k=2)

SAR averaged over 10 cm® (10 g) of Head TSL

conditicn

SAR measured

100 m\W input power

2.35 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

23.5 Wikg = 19.9 % (k=2)

SAR result with SAM Head (Ear)

SAR averaged over 1 cm? (1 g) of Head TSL

Condition

SAR measured

100 mW input power

5.68 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

56.8 Wikg + 20.3 % (k=2)

SAR averaged over 10 cm? (10 g) of Head TSL

condition

SAR measured

100 mW input power

1.89 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

18.9 Wkg = 19.9 % (k=2)
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