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Plot notes: As soon as 5G mmW NR call was established, LTE was placed in all-down bits 
immediately. Between 0s~120s, mmW exposure is the dominant contributor. Here, Smart 
Transmit feature allocates a maximum of 75% for mmW (based on the 3dB reserve setting in 
Part 1 report). From Table 12-3, this corresponds to a normalized 4cm2PD exposure value for 
Beam ID 41 of (75% * 4.28 W/m2)/(10 W/m2) = 32.1% ± 2.1dB device related uncertainty (see 
green/orange curve between 0s~120s). At ~120s time mark, LTE is set to all-up bits, taking 
away margin from mmW exposure gradually. Towards the end of test, LTE is the dominant 
contributor towards RF exposure, i.e., corresponding normalized 1gSAR exposure value of 
(100% * 1.08 W/kg)/(1.6 W/kg) = 67.5% ± 1dB design related uncertainty (see black curve 
approaching this level towards end of the test). 
As can be seen, the power limiting enforcement is effective and the total normalized time-
averaged RF exposure does not exceed 1.0. Therefore, Qualcomm® Smart Transmit time 
averaging feature is validated. 

FCC requirement for total RF exposure (normalized) 1.0 
Max total normalized time-averaged RF exposure (green curve) 0.674 

Validated 
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13.2 Maximum Tx power test results for n260 
This test was measured with LTE 2 and mmW Band n260 Beam ID 31, by following the detailed 
test procedure described in Section 5.3.1.  
Instantaneous and 100s-averaged conducted LTE Tx power versus time, instantaneous and 4s-
averaged radiated mmW Tx power versus time, time-averaged conducted LTE Tx power limit 
and time-averaged radiated mmW Tx power limit: 
 

 

Above time-averaged conducted Tx power for LTE 2 and radiated Tx power for mmW NR n260 
beam 31 are converted into time-averaged 1gSAR and time-averaged 4cm2PD using Equation 
(2a) and (2b), which are divided by FCC 1gSAR limit of 1.6 W/kg and 4cm2PD limit of 10 W/m2, 
respectively, to obtain normalized exposures versus time. Below plot shows (a) normalized 
time-averaged 1gSAR versus time, (b) normalized time-averaged 4cm2-avg.PD versus time, (c) 
sum of normalized time-averaged 1gSAR and normalized time-averaged 4cm2-avg.PD: 
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Plot notes: As soon as 5G mmW NR call was established, LTE was placed in all-down bits 
immediately. Between 0s~120s, mmW exposure is the dominant contributor. Here, Smart 
Transmit feature allocates a maximum of 75% for mmW (based on the 3dB reserve setting in 
Part 1 report). From Table 12-3, this corresponds to a normalized 4cm2PD exposure value for 
Beam ID 31 of (75% * 4.1 W/m2)/(10 W/m2) = 30.8% ± 2.1dB device related uncertainty (see 
green/orange curve between 0s~120s). At ~120s time mark, LTE is set to all-up bits, taking 
away margin from mmW exposure gradually. Towards the end of test, LTE is the dominant 
contributor towards RF exposure, i.e., corresponding normalized 1gSAR exposure value of 
(100% * 1.08 W/kg)/(1.6 W/kg) = 67.5% ± 1dB design related uncertainty (see black curve 
approaching this level towards end of the test). 
As can be seen, the power limiting enforcement is effective and the total normalized time-
averaged RF exposure does not exceed 1.0. Therefore, Qualcomm® Smart Transmit time 
averaging feature is validated. 
 
 

FCC requirement for total RF exposure (normalized) 1.0 
Max total normalized time-averaged RF exposure (green curve) 0.682 

Validated 
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13.3 Switch in SAR vs. PD exposure test results for n261 
This test was measured with LTE Band 2 (DSI = 5) and mmW Band n261 Beam ID 41, by 
following the detailed test procedure is described in Section 5.3.2. 
Instantaneous and 100s-averaged conducted LTE Tx power versus time, instantaneous and 4s-
averaged radiated mmW Tx power versus time, time-averaged conducted LTE Tx power limit 
and time-averaged radiated mmW Tx power limit: 

 
From the above plot, it is predominantly instantaneous PD exposure between 0s ~ 120s, it is 
instantaneous SAR+PD exposure between 120s ~ 140s, it is predominantly instantaneous SAR 
exposure between 140s ~ 200s, and above 200s, it is predominantly instantaneous PD 
exposure. 
Normalized time-averaged exposures for LTE (1gSAR) and mmW (4cm2PD), as well as total 
normalized time-averaged exposure versus time: 
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Plot notes: As soon as 5G mmW NR call was established, LTE was placed in all-down bits 
immediately. Between 0s~120s, mmW exposure is the dominant contributor. Here, Smart 
Transmit feature allocates a maximum of 75% for mmW (based on 3dB reserve setting in Part 1 
report). From Table 12-3, this corresponds to a normalized 4cm2PD exposure value for Beam ID 
41 of (75% * 4.28 W/m2)/(10 W/m2) = 32.1% ± 2.1dB device related uncertainty (see 
orange/green curve between 0s~120s). At ~120s time mark, LTE is set to all-up bits, taking 
away margin from mmW exposure gradually (orange curve for mmW exposure goes down while 
black curve for LTE exposure goes up). At ~200s time mark, LTE is set to all-down bits, which 
results in mmW getting back RF margin slowly as seen by gradual increase in mmW exposure 
(orange curve for mmW exposure goes up while black curve for LTE exposure goes down). The 
calculated maximum RF exposure from LTE corresponds to normalized 1gSAR exposure value 
of (100% * 1.08 W/kg)/(1.6 W/kg) = 67.5% ± 1dB design related uncertainty (note that this level 
will be achieved by green and black curves if LTE remains in all-up bits for longer time duration 
which was already demonstrated in maximum Tx power test in Section 13.1). Total normalized 
time-averaged exposure (green curve) for this test should be within the calculated range 
between 32.1% ± 2.1dB device related uncertainty (only PD exposure) and 67.5% ± 1dB design 
related uncertainty (only SAR exposure).  

FCC requirement for total RF exposure (normalized) 1.0 
Max total normalized time-averaged RF exposure (green curve) 0.636 

Validated 
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As can be seen, the power limiting enforcement is effective during transmission when SAR and 
PD exposures are switched, and the total normalized time-averaged RF exposure does not 
exceed 1.0. Therefore, Qualcomm® Smart Transmit time averaging feature is validated. 

13.4 Switch in SAR vs. PD exposure test results for n260 
This test was measured with LTE Band 2 (DSI = 5) and mmW Band n260 Beam ID 31, by 
following the detailed test procedure is described in Section 5.3.2. 
Instantaneous and 100s-averaged conducted LTE Tx power versus time, instantaneous and 4s-
averaged radiated mmW Tx power versus time, time-averaged conducted LTE Tx power limit 
and time-averaged radiated mmW Tx power limit: 

 
From the above plot, it is predominantly instantaneous PD exposure between 0s ~ 120s, it is 
instantaneous SAR+PD exposure between 120s ~ 140s, it is predominantly instantaneous SAR 
exposure between 140s ~ 200s, and above 200s, it is predominantly instantaneous PD 
exposure 
Normalized time-averaged exposures for LTE (1gSAR) and mmW (4cm2PD), as well as total 
normalized time-averaged exposure versus time: 
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Plot notes: As soon as 5G mmW NR call was established, LTE was placed in all-down bits 
immediately. Between 0s~120s, mmW exposure is the dominant contributor. Here, Smart 
Transmit feature allocates a maximum of 75% for mmW (based on 3dB reserve setting in Part 1 
report). From Table 12-3, this corresponds to a normalized 4cm2PD exposure value for Beam ID 
31 of (75% * 4.1 W/m2)/(10 W/m2) = 30.8% ± 2.1dB device related uncertainty (see 
orange/green curve between 0s~120s). At ~120s time mark, LTE is set to all-up bits, taking 
away margin from mmW exposure gradually (orange curve for mmW exposure goes down while 
black curve for LTE exposure goes up). At ~200s time mark, LTE is set to all-down bits, which 
results in mmW getting back RF margin slowly as seen by gradual increase in mmW exposure 
(orange curve for mmW exposure goes up while black curve for LTE exposure goes down). The 
calculated maximum RF exposure from LTE corresponds to normalized 1gSAR exposure value 
of (100% * 1.08 W/kg)/(1.6 W/kg) = 67.5% ± 1dB design related uncertainty (note that this level 
will be achieved by green and black curves if LTE remains in all-up bits for longer time duration 
which was already demonstrated in maximum Tx power test in Section 13.1). Total normalized 
time-averaged exposure (green curve) for this test should be within the calculated range 
between 30.8% ± 2.1dB device related uncertainty (only PD exposure) and 67.5% ± 1dB design 
related uncertainty (only SAR exposure).  

FCC requirement for total RF exposure (normalized) 1.0 
Max total normalized time-averaged RF exposure (green curve) 0.629 

Validated 



 
 

FCC ID: ZNFG900VM 
 

PART 2 RF EXPOSURE EVALUATION 
REPORT  

Approved by: 

Quality Manager 

Document S/N: Test Dates: DUT Type: 
Page 80 of 93 

1M2004230076-17.ZNF 07/12/2020 - 07/27/2020 Portable Handset 
© 2020 PCTEST REV 1.0 
 04/06/2020 
©  2020  PCTEST All rights reserved. Unless otherwise specified, no part of this report may be reproduced or utilized in any part, form or by any means, electronic or mechanical, including photocopying and 
microfilm, without permission in writing from PCTEST. If you have any questions about this international copyright or have an enquiry about obtaining additional rights to this report or assembly of contents 
thereof, please contact INFO@PCTEST.COM. 

As can be seen, the power limiting enforcement is effective during transmission when SAR and 
PD exposures are switched, and the total normalized time-averaged RF exposure does not 
exceed 1.0. Therefore, Qualcomm® Smart Transmit time averaging feature is validated. 

13.5 Change in Beam test results for n261 
This test was measured with LTE Band 2 (DSI = 5) and mmW Band n261, with beam switch 
from Beam ID 24 to Beam ID 1, by following the test procedure is described in Section 5.3.3. 
Instantaneous conducted LTE Tx power versus time, instantaneous and 4s-averaged radiated 
mmW Tx power versus time, time-averaged radiated mmW Tx power limits for beam 24 and 
beam 1: 

 
Normalized time-averaged exposures for LTE and mmW (4cm2PD), as well as total normalized 
time-averaged exposure versus time: 
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Plot notes: 5G mmW NR call was established at ~1s time mark and LTE was placed in all-down bits 
immediately after 5G mmW NR call was established. For the rest of this test, mmW exposure is the 
dominant contributor as LTE is left in all-down bits. Here, Smart Transmit feature allocates a maximum of 
75% for mmW (based on 3dB reserve setting in Part 1 report). From Table 12-3, exposure between 1s 
~100s corresponds to a normalized 4cm2PD exposure value for Beam ID 24 of (75% * 6.13 W/m2)/(10 
W/m2) = 45.9% ± 2.1dB device related uncertainty. At ~100s time mark (shown in black dotted ellipse), 
beam was switched to Beam ID 1. Note that the input.power.limit for Beam ID 1 is 13.2dBm, however the 
maximum input power for n261 CP-OFDM modulation is capped at 7 dBm, therefore, there is no power 
limiting required when in n261 Beam ID 1, resulting in flat line in power plot for instantaneous radiated 
power after switch. Note that at 7 dBm max power, it is 6.2 dB (24.0% in linear units) lower than 
input.power.limit. Since the callbox is configured to transmit at 75.6% duty cycle, the maximum average 
power consumes 24.0% x 75.6% = 18.1% of RF exposure margin utilized by Beam ID 1 (less than 75% 
allocated margin for mmW by Smart Transmit). Therefore, Smart Transmit allows Beam ID 1 to transmit 
at maximum power continuously at 75.6% duty cycle. Therefore, the normalized 4cm2PD exposure value 
for n261 Beam ID 1 = (100% * 75.6% callbox duty cycle * 2.75 W/m2)/(10 W/m2) = 20.8% ± 2.1dB device 
related uncertainty. Additionally, during the switch, the ratio between the averaged radiated powers of the 
two beams (yellow curve) should correspond to the difference in EIRPs measured at each corresponding 
input.power.limit for these beams listed in Table 12-3, i.e., 8.03 dB ± 2.1dB device uncertainty. 

 

FCC requirement for total RF exposure (normalized) 1.0 
Max total normalized time-averaged RF exposure (green curve) 0.466 

Validated 



 
 

FCC ID: ZNFG900VM 
 

PART 2 RF EXPOSURE EVALUATION 
REPORT  

Approved by: 

Quality Manager 

Document S/N: Test Dates: DUT Type: 
Page 82 of 93 

1M2004230076-17.ZNF 07/12/2020 - 07/27/2020 Portable Handset 
© 2020 PCTEST REV 1.0 
 04/06/2020 
©  2020  PCTEST All rights reserved. Unless otherwise specified, no part of this report may be reproduced or utilized in any part, form or by any means, electronic or mechanical, including photocopying and 
microfilm, without permission in writing from PCTEST. If you have any questions about this international copyright or have an enquiry about obtaining additional rights to this report or assembly of contents 
thereof, please contact INFO@PCTEST.COM. 

13.6 Change in Beam test results for n260 
This test was measured with LTE Band 2 (DSI = 3) and mmW Band n260, with beam switch 
from Beam ID 31 to Beam ID 2, by following the test procedure is described in Section 5.3.3. 
Instantaneous conducted LTE Tx power versus time, instantaneous and 4s-averaged radiated 
mmW Tx power versus time, time-averaged radiated mmW Tx power limits for beam 31 and 
beam 2: 

 
 
Normalized time-averaged exposures for LTE and mmW (4cm2PD), as well as total normalized 
time-averaged exposure versus time: 
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Plot notes: 5G mmW NR call was established at ~1s time mark and LTE was placed in all-down bits 
immediately after 5G mmW NR call was established. For the rest of this test, mmW exposure is the 
dominant contributor as LTE is left in all-down bits. Here, Smart Transmit feature allocates a maximum of 
75% for mmW (based on 3dB reserve setting in Part 1 report). From Table 12-3, exposure between 1s 
~100s corresponds to a normalized 4cm2PD exposure value for Beam ID 31 of (75% * 4.1 W/m2)/(10 
W/m2) = 30.8% ± 2.1dB device related uncertainty. At ~100s time mark (shown in black dotted ellipse), 
beam was switched to Beam ID 2. Note that the input.power.limit for Beam ID 2 is 9.3 dBm, however the 
maximum input power for n260 CP-OFDM modulation is capped at 6.0dBm, therefore, there is no power 
limiting required when in n260 Beam ID 2, resulting in flat line in power plot for instantaneous radiated 
power after switch. Note that at 6.0dBm max power, it is 3.3dB (46.8% in linear units) lower than 
input.power.limit. Since the callbox is configured to transmit at 75.6% duty cycle, the maximum average 
power consumes 46.8% x 75.6% = 35.45% of RF exposure margin utilized by Beam ID 2 (less than 75% 
allocated margin for mmW by Smart Transmit). Therefore, Smart Transmit allows Beam ID 2 to transmit 
at maximum power continuously at 75.6% duty cycle. Therefore, the normalized 4cm2PD exposure value 
for n260 Beam ID 2 = (100% * 75.6% callbox duty cycle * 2.39W/m2)/(10 W/m2) = 18.1% ± 2.1dB device 
related uncertainty. Additionally, during the switch, the ratio between the averaged radiated powers of the 
two beams (yellow curve) should correspond to the difference in EIRPs measured at each corresponding 
input.power.limit for these beams listed in Table 12-3, i.e., 7.5dB ± 2.1dB device uncertainty. 
 

FCC requirement for total RF exposure (normalized) 1.0 
Max total normalized time-averaged RF exposure (green curve) 0.258 

Validated 
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15.1.1 PD test results for n261 
Step 2.e plot (in Section 5.4) for normalized instantaneous and time-averaged exposures for LTE and 
mmW n261 beam 41 
 

 
 
 

 
 

Plot notes: LTE was placed in all-down bits immediately after 5G mmW NR call was established. Between 
0s~120s, mmW exposure is the dominant contributor. Here, Smart Transmit feature allocates a maximum 
of 75% for mmW (based on the 3dB reserve setting in Part 1 report). From Table 12-3, this corresponds 
to a normalized 4cm2PD exposure value for Beam ID 41 of (75% * 4.28 W/m2)/(10 W/m2) = 32.1% ± 
2.1dB device related uncertainty (see orange/green curve between 0s~120s). Around 120s time mark, 
LTE is set to all-up bits, taking away margin from mmW exposure gradually. Towards the end of the test, 
LTE is the dominant contributor towards RF exposure, i.e., corresponding normalized 1gSAR exposure 
value of (100% * 1.08 W/kg)/(1.6 W/kg) = 67.5% ± 1dB design related uncertainty (see black curves 
approaching this level towards end of the test). 

As can be seen, the power limiting enforcement is effective and the total normalized time-averaged RF 
exposure does not exceed 1.0. Therefore, Qualcomm® Smart Transmit time averaging feature is 
validated. 

  

FCC limit for total RF exposure (normalized) 1.0 
Max total normalized time-averaged RF exposure (green curve) 0.730 

Validated 
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15.1.2 PD test results for n260 
Step 2.e plot (in Section 5.4) for normalized instantaneous and time-averaged exposures for LTE 
and mmW n260 beam 31 

 
 

 

 

 

Plot notes: LTE was placed in all-down bits immediately after 5G mmW NR call was established. Between 
0s~120s, mmW exposure is the dominant contributor. Here, Smart Transmit feature allocates a maximum 
of 75% for mmW (based on the 3dB reserve setting in Part 1 report). From Table 12-3, this corresponds 
to a normalized 4cm2PD exposure value for Beam ID 31 of (75% * 4.1 W/m2)/(10 W/m2) = 30.8% ± 2.1dB  
device related uncertainty (see orange/green curve between 0s~120s). Around 120s time mark, LTE is 
set to all-up bits, taking away margin from mmW exposure gradually. Towards the end of the test, LTE is 
the dominant contributor towards RF exposure, i.e., corresponding normalized 1gSAR exposure value of 
(100% * 1.08 W/kg)/(1.6 W/kg) = 67.5% ± 1dB design related uncertainty (see black curves approaching 
this level towards end of the test). 

As can be seen, the power limiting enforcement is effective and the total normalized time-averaged RF 
exposure does not exceed 1.0. Therefore, Qualcomm® Smart Transmit time averaging feature is 
validated. 

 

FCC limit for total RF exposure 1.0 
Max total normalized time-averaged RF exposure (green curve) 0.768 

Validated 
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A P P E N D I X  A :  V E R I F I C A T I O N  P LO T S  

 



A1 
 

PCTEST 

Date: 07-15-2020 
1750 Body Verification 

Medium 
Frequency [MHz] TSL TSL Conductivity [S/m] TSL Permittivity Ambient Temperature [C] Tissue Temperature [C] 

1750.0 1750 Body 1.47 55.2 22.0 22.7 

Exposure Conditions 
Phantom Section Test Distance [mm] Power [dBm] Communication System, UID 

Flat 10 20.0 CW, 0 

Hardware Setup 
Phantom Dipole Probe, Calibration Date Conversion Factor DAE, Calibration Date 

Twin-SAM V8.0 (Right) - 1981 D1750V2 - SN1150 EX3DV4 - SN7526, 2020-03-18 7.62 DAE4 Sn859, 2019-12-18 

Scans Setup 
 

Area Scan Zoom Scan 

Grid Extents [mm] 60.0 x 90.0 50.0 x 30.0 x 30.0 

Grid Steps [mm] 15.0 x 15.0 6.0 x 6.0 x 5.0 

Sensor Surface [mm] 3.0 1.4 

Graded Grid No No 

Grading Ratio n/a n/a 
   

Measurement Results 
 

Zoom Scan 

psSAR1g [W/Kg] 3.71 

psSAR10g [W/Kg] 1.99 

Dev. 1g [%] 1.37 

 

 



A2 
 

PCTEST 

Date: 07-16-2020 
1900 Body Verification 

Medium 
Frequency [MHz] TSL TSL Conductivity [S/m] TSL Permittivity Ambient Temperature [C] Tissue Temperature [C] 

1900.0 1900 Body 1.56 54.7 21.9 23.2 

Exposure Conditions 
Phantom Section Test Distance [mm] Power [dBm] Communication System, UID 

Flat 10 20.0 CW, 0 

Hardware Setup 
Phantom Dipole Probe, Calibration Date Conversion Factor DAE, Calibration Date 

Twin-SAM V8.0 (Right) - 1981 D1900V2 - SN5d148 EX3DV4 - SN7526, 2020-03-18 7.33 DAE4 Sn859, 2019-12-18 

Scans Setup 
 

Area Scan Zoom Scan 

Grid Extents [mm] 60.0 x 90.0 50.0 x 30.0 x 30.0 

Grid Steps [mm] 15.0 x 15.0 6.0 x 6.0 x 5.0 

Sensor Surface [mm] 3.0 1.4 

Graded Grid No No 

Grading Ratio n/a n/a 
   

Measurement Results 
 

Zoom Scan 

psSAR1g [W/Kg] 4.02 

psSAR10g [W/Kg] 2.08 

Dev. 1g [%] 2.81 

 

 



A3 
 

PCTEST 

Date: 07-18-2020 
1900 Body Verification 

Medium 
Frequency [MHz] TSL TSL Conductivity [S/m] TSL Permittivity Ambient Temperature [C] Tissue Temperature [C] 

1900.0 1900 Body 1.56 54.6 22.0 22.4 

Exposure Conditions 
Phantom Section Test Distance [mm] Power [dBm] Communication System, UID 

Flat 10 20.0 CW, 0 

Hardware Setup 
Phantom Dipole Probe, Calibration Date Conversion Factor DAE, Calibration Date 

Twin-SAM V8.0 (Right) - 1981 D1900V2 - SN5d148 EX3DV4 - SN7526, 2020-03-18 7.33 DAE4 Sn859, 2019-12-18 

Scans Setup 
 

Area Scan Zoom Scan 

Grid Extents [mm] 60.0 x 90.0 50.0 x 30.0 x 30.0 

Grid Steps [mm] 15.0 x 15.0 6.0 x 6.0 x 5.0 

Sensor Surface [mm] 3.0 1.4 

Graded Grid No No 

Grading Ratio n/a n/a 
   

Measurement Results 
 

Zoom Scan 

psSAR1g [W/Kg] 3.78 

psSAR10g [W/Kg] 1.96 

Dev. 1g [%] -3.32 

 

 



A4 
 

PCTEST 

Date: 07-16-2020 
3700 Body Verification 

Medium 
Frequency [MHz] TSL TSL Conductivity [S/m] TSL Permittivity Ambient Temperature [C] Tissue Temperature [C] 

3700.0 3600 Body 3.39 52.0 22.0 20.7 

Exposure Conditions 
Phantom Section Test Distance [mm] Power [dBm] Communication System, UID 

Flat 10 20.0 CW, 0 

Hardware Setup 
Phantom Dipole Probe, Calibration Date Conversion Factor DAE, Calibration Date 

Twin-SAM V8.0 (Right) - 1981 D3700V2 - SN1067 EX3DV4 - SN7526, 2020-03-18 5.8 DAE4 Sn859, 2019-12-18 

Scans Setup 
 

Area Scan Zoom Scan 

Grid Extents [mm] 40.0 x 80.0 50.0 x 30.0 x 30.0 

Grid Steps [mm] 10.0 x 10.0 4.0 x 4.0 x 1.4 

Sensor Surface [mm] 3.0 1.4 

Graded Grid No Yes 

Grading Ratio n/a 1.4 
   

Measurement Results 
 

Zoom Scan 

psSAR1g [W/Kg] 6.25 

psSAR10g [W/Kg] 2.31 

Dev. 1g [%] -4.14 

 

 



A5 
 

PCTEST 
Date: 07/23/2020 
30 GHz System Verification 

 
Device Under Test Properties 
DUT Serial Number 
30 GHz Verification Source 1043 

Exposure Conditions 
Phantom Section Position Test Distance [mm] Band Frequency [MHz] 
5G FRONT 5.55 Validation band 30000.0 

Hardware Setup 
Probe, Calibration Date DAE, Calibration Date 
EUmmWV3 – SN9364, 06/24/2020 DAE4 SN1582, 04/15/2020 

Software Setup 
Software Software Version 
cDASY6 Module mmWave 2.0.2.34 

Scans Setup 
Scan Type 5G Scan 
Grid Extents [mm] 60.0 x 60.0 
Grid Steps [lambda] 0.25 x 0.25 
Sensor Surface [mm] 5.55   
Measurement Results 
Scan Type 5G Scan 
Avg. Area [cm2] 4.00 
pStot avg [W/m2] 25.6 
pSn avg [W/m2] 25.3 
Epeak [V/m] 116 
Deviation (dB) -0.18    
 
 

 
30GHz System Verification 

 
Calibration Certificate 

 

  



A6 
 

PCTEST 
Date: 07/24/2020 
30 GHz System Verification 

 
Device Under Test Properties 
DUT Serial Number 
30 GHz Verification Source 1043 

Exposure Conditions 
Phantom Section Position Test Distance [mm] Band Frequency [MHz] 
5G FRONT 5.55 Validation band 30000.0 

Hardware Setup 
Probe, Calibration Date DAE, Calibration Date 
EUmmWV3 – SN9364, 06/24/2020 DAE4 SN1582, 04/15/2020 

Software Setup 
Software Software Version 
cDASY6 Module mmWave 2.0.2.34 

Scans Setup 
Scan Type 5G Scan 
Grid Extents [mm] 60.0 x 60.0 
Grid Steps [lambda] 0.25 x 0.25 
Sensor Surface [mm] 5.55   
Measurement Results 
Scan Type 5G Scan 
Avg. Area [cm2] 4.00 
pStot avg [W/m2] 25.5 
pSn avg [W/m2] 25.1 
Epeak [V/m] 115 
Deviation (dB) -0.20    

 
 

 
30GHz System Verification 

 
Calibration Certificate 
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A P P E N D I X  B :  S A R  T I S S U E  S P E C I F I C A T I O N S  

Measurement Procedure for Tissue verification: 

1) The network analyzer and probe system was configured and calibrated. 
2) The probe was immersed in the tissue. The tissue was placed in a nonmetallic container. 

Trapped air bubbles beneath the flange were minimized by placing the probe at a slight angle. 
3) The complex admittance with respect to the probe aperture was measured 
4) The complex relative permittivity ε’ can be calculated from the below equation (Pournaropoulos 

and Misra): 

 

where Y is the admittance of the probe in contact with the sample, the primed and unprimed coordinates refer to 

source and observation points, respectively, ,  is the angular frequency, and . 
 
 

 
Figure B -1 

Note: Liquid recipes are proprietary SPEAG. Since the composition is approximate to the actual liquids utilized, 
the manufacturer tissue-equivalent liquid data sheets are provided below. 

b

a

b

a
rr ddd

r
rj

ab
jY

0

2/1
0

'
0

2
0 )(expcos

ln
2

cos2222r 1j



 
 

FCC ID: ZNFG900VM 
 

PART 2 RF EXPOSURE EVALUATION REPORT 
 

Approved by: 

Quality Manager 
Test Dates: DUT Type: APPENDIX B: 

Page 2 of 3 07/12/2020 - 07/27/2020 Portable Handset 
© 2020 PCTEST REV 1.0 
 04/06/2020 

 
Figure B-2 

600 – 5800 MHz Body Tissue Equivalent Matter 
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Figure B-3 

600 – 5800 MHz Head Tissue Equivalent Matter 
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A P P E N D I X  C :  S A R  S Y S T E M  V A L I D A T I O N  

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 C-1 
SAR System Validation Summary – 1g 

 
 
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.

SENSITIVITY PROBE
LINEARITY

PROBE 
ISOTROPY

MOD.
TYPE

DUTY
FACTOR PAR

M 1750 5/19/2020 7526 1750 BODY 1.507 51.979 PASS PASS PASS N/A N/A N/A
M 1900 5/20/2020 7526 1900 BODY 1.585 53.549 PASS PASS PASS GMSK PASS N/A
M 3700 7/16/2020 7526 3700 BODY 3.394 51.953 PASS PASS PASS TDD PASS N/A

SAR 
System

Freq.
(MHz) Date Probe 

SN Probe Cal Point Cond.
(σ)

Perm.
(εr)

CW VALIDATION MOD. VALIDATION
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A P P E N D I X  E :  T E S T  S E Q U E N C E S  

1. Test sequence is generated based on below parameters of the DUT: 
a. Measured maximum power (Pmax) 
b. Measured Tx_power_at_SAR_design_target (Plimit) 
c. Reserve_power_margin (dB) 

● Preserve (dBm) = measured Plimit (dBm) – Reserve_power_margin (dB) 
d. SAR_time_window (100s for FCC) 

2. Test Sequence 1 Waveform: 
Based on the parameters above, the Test Sequence 1 is generated with one transition 
between high and low Tx powers. Here, high power = Pmax; low power = Pmax/2, and the 
transition occurs after 80 seconds at high power Pmax. As long as the power enforcement 
is taking into effective during one 100s/60s time window, the validation test with this 
defined test sequence 1 is valid, otherwise, select other radio configuration (band/DSI 
within the same technology group) having lower Plimit for this test. The Test sequence 1 
waveform is shown below:   
 

 

Figure E-1 
Test sequence 1 waveform 



 
 

FCC ID: ZNFG900VM 
 

PART 2 RF EXPOSURE EVALUATION REPORT 
  

Approved by: 

Quality Manager 
Test Dates: DUT Type: APPENDIX E: 

Page 2 of  3 07/12/2020 - 07/27/2020 Portable Handset 
© 2020 PCTEST REV 1.0 
 04/06/2020 

3. Test Sequence 2 Waveform: 
Based on the parameters described above, the Test Sequence 2 is generated as described in 
Table 10-1, which contains two 170 second-long sequences (yellow and green highlighted rows) 
that are mirrored around the center row of 20s, resulting in a total duration of 360 seconds: 

Table E-1  
Test Sequence 2 

Time duration 
(seconds) dB relative to Plimit or Preserve 

15 Preserve – 2 
20 Plimit 
20 (Plimit + Pmax)/2 averaged in mW and rounded to nearest 

0.1 dB step 
10 Preserve – 6 
20 Pmax 
15 Plimit 
15 Preserve – 5 
20 Pmax 
10 Preserve – 3 
15 Plimit 
10 Preserve – 4 
20 (Plimit + Pmax)/2 averaged in mW and rounded to nearest 

0.1 dB step 
10 Preserve – 4 
15 Plimit 
10 Preserve – 3 
20 Pmax 
15 Preserve – 5 
15 Plimit 
20 Pmax 
10 Preserve – 6 
20 (Plimit + Pmax)/2 averaged in mW and rounded to nearest 

0.1 dB step 
20 Plimit 
15 Preserve – 2 
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The Test Sequence 2 waveform is shown in Figure E-2. 

 

Figure E-2 
Test sequence 2 waveform
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A P P E N D I X  F :  T E S T  P R O C E D U R E S  F O R  S U B 6  N R  +  N R  R A D I O  

Appendix F provides the test procedures for validating Qualcomm Smart Transmit feature for 
LTE + Sub6 NR non-standalone (NSA) mode transmission scenario, where sub-6GHz LTE link 
acts as an anchor. 

F.1 Time-varying Tx power test for sub6 NR in NSA mode 
Follows Section 4.2.1 to select test configurations for time-varying test. This test is performed 
with two pre-defined test sequences (described in Section 4.1) applied to Sub6 NR (with LTE on 
all-down bits or low power for the entire test after establishing the LTE+Sub6 NR call with the 
callbox). Follow the test procedures described in Section 4.3.1 to demonstrate the effectiveness 
of power limiting enforcement and that the time averaged Tx power of Sub6 NR when converted 
into 1gSAR values does not exceed the regulatory limit at all times (see Eq. (1a) and (1b)). 
Sub6 NR response to test sequence1 and test sequence2 will be similar to other technologies 
(say, LTE), and are shown in Sections 9.1.6 and 9.1.7. 

F.2 Switch in SAR exposure between LTE vs. Sub6 NR during transmission 
This test is to demonstrate that Smart Transmit feature accurately accounts for switching in 
exposures among SAR for LTE radio only, SAR from both LTE radio and sub6 NR, and SAR 
from sub6 NR only scenarios, and ensures total time-averaged RF exposure compliance with 
FCC limit. 

Test procedure:  
1. Measure conducted Tx power corresponding to Plimit for LTE and sub6 NR in selected band. 

Test condition to measure conducted Plimit is: 
□ Establish device in call with the callbox for LTE in desired band. Measure conducted Tx 

power corresponding to LTE Plimit with Smart Transmit enabled and 
Reserve_power_margin set to 0 dB, callbox set to request maximum power. 

□ Repeat above step to measure conducted Tx power corresponding to Sub6 NR Plimit. If 
testing LTE+Sub6 NR in non-standalone mode, then establish LTE+Sub6 NR call with 
callbox and request all down bits for radio1 LTE. In this scenario, with callbox requesting 
maximum power from Sub6 NR, measured conducted Tx power corresponds to radio2 
Plimit (as radio1 LTE is at all-down bits)  

2. Set Reserve_power_margin to actual (intended) value with EUT setup for LTE + Sub6 NR 
call. First, establish LTE  connection in all-up bits with the callbox, and then Sub6 NR 
connection is added with callbox requesting UE to transmit at maximum power in Sub6 NR. 
As soon as the Sub6 NR connection is established, request all-down bits on LTE link 
(otherwise, Sub6 NR will not have sufficient RF exposure margin to sustain the call with LTE 
in all-up bits). Continue LTE (all-down bits)+Sub6 NR transmission for more than one time-
window duration to test predominantly Sub6 NR SAR exposure scenario (as SAR exposure 
is negligible from all-down bits in LTE). After at least one time-window, request LTE to go all-
up bits to test LTE SAR and Sub6 NR SAR exposure scenario. After at least one more time-
window, drop (or request all-down bits) Sub6 NR transmission to test predominantly LTE 
SAR exposure scenario. Continue the test for at least one more time-window. Record the 
conducted Tx powers for both LTE and Sub6 NR for the entire duration of this test. 
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3. Once the measurement is done, extract instantaneous Tx power versus time for both LTE 
and Sub6 NR links. Similar to technology/band switch test in Section 4.3.3, convert the 
conducted Tx power for both these radios into 1gSAR value (see Eq. (6a) and (6b)) using 
corresponding technology/band Plimit measured in Step 1, and then perform 100s running 
average to determine time-averaged 1gSAR versus time as illustrated in Figure 4-1. Note 
that here it is assumed both radios have Tx frequencies < 3GHz, otherwise, 60s running 
average should be performed for radios having Tx frequency between 3GHz and 6GHz. 

4. Make one plot containing: (a) instantaneous Tx power versus time measured in Step 2.  
5. Make another plot containing: (a)  instantaneous 1gSAR versus time determined in Step 3, 

(b) computed time-averaged 1gSAR versus time determined in Step 3, and (c) 
corresponding regulatory 1gSARlimit of 1.6W/kg. 

The validation criteria is, at all times, the time-averaged 1gSAR versus time shall not exceed the 
regulatory 1gSARlimit of 1.6W/kg. 
 

 



A P P E N D I X  G :  C A L I B R A T I O N  C E R T I F I C A T E S  
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Certification of Calibration 
 

Object         D1750V2 – SN:1150 
 
Calibration procedure(s)  Procedure for Calibration Extension for SAR Dipoles. 
 
Extended Calibration date:  October 18, 2019  
 
Description:    SAR Validation Dipole at 1750 MHz. 
 
 
Calibration Equipment used: 

 
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 
 

Approved By: Kaitlin O’Keefe Senior Technical 
Manager  

 

 

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 8/2/2018 Biennial 8/2/2020 181334684

Amplifier Research 15S1G6 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 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
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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 5Ω 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: 

 

 

 

  

Calibration 
Date Extension Date

Certificate 
Electrical 

Delay (ns)

Certificate 
SAR Target 
Head (1g) 

W/kg @ 20.0 
dBm

Measured 
Head SAR (1g) 
W/kg @ 20.0 

dBm

Deviation 1g 
(%)

Certificate 
SAR Target 
Head (10g) 

W/kg @ 20.0 
dBm

Measured 
Head SAR 

(10g) W/kg @ 
20.0 dBm

Deviation 10g 
(%)

Certificate 
Impedance 
Head (Ohm) 

Real

Measured 
Impedance 
Head (Ohm) 

Real

Difference 
(Ohm) Real

Certificate 
Impedance 
Head (Ohm) 
Imaginary

Measured 
Impedance 
Head (Ohm) 
Imaginary

Difference 
(Ohm) 

Imaginary

Certificate 
Return Loss 
Head (dB)

Measured 
Return Loss 
Head (dB)

Deviation (%) PASS/FAIL

10/22/2018 10/18/2019 1.217 3.65 3.8 4.11% 1.92 2 4.17% 50.9 49.3 1.6 0.4 -0.7 1.1 -40.1 -40.2 -0.20% PASS

Calibration 
Date Extension Date

Certificate 
Electrical 

Delay (ns)

Certificate 
SAR Target 
Body (1g) 

W/kg @ 20.0 
dBm

Measured 
Body SAR (1g) 
W/kg @ 20.0 

dBm

Deviation 1g 
(%)

Certificate 
SAR Target 
Body (10g) 

W/kg @ 20.0 
dBm

Measured 
Body SAR 

(10g) W/kg @ 
20.0 dBm

Deviation 10g 
(%)

Certificate 
Impedance 
Body (Ohm) 

Real

Measured 
Impedance 
Body (Ohm) 

Real

Difference 
(Ohm) Real

Certificate 
Impedance 
Body (Ohm) 
Imaginary

Measured 
Impedance 
Body (Ohm) 
Imaginary

Difference 
(Ohm) 

Imaginary

Certificate 
Return Loss 
Body (dB)

Measured 
Return Loss 
Body (dB)

Deviation (%) PASS/FAIL

10/22/2018 10/18/2019 1.217 3.66 3.82 4.37% 1.94 2.02 4.12% 46.6 44.7 1.9 -0.1 -0.8 0.7 -29.2 -25 14.40% PASS




