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Note: As per the manufacturer, Reserve_power_margin = 3dB. Based on Table 8-1, EFS Plimit 
= 21.4 dBm (Pmax = 20.5  dBm) for LTE B48 DSI = 3 (60s window), and EFS Plimit = 18.0 dBm 
for LTE B25 DSI = 3 (100s window).The conducted power plot shows expected transitions in Tx 
power at ~185s (60s-to-100s transition) and at ~290s (100s-to-60s transition) in order to 
maintain total time-averaged RF exposure compliance across time windows, as show in next 
plot. 

 

Plot 2: All the conducted Tx power measurement results were converted into time-averaged 
normalized SAR values using Equation (7a), (7b) and (7c), and plotted below to demonstrate 
that the time-averaged normalized SAR versus time does not exceed the FCC limit of 1 unit. 
Equation (7a) is used to convert the Tx power of device to obtain 60s-averaged normalized SAR 
in LTE B48 as shown in black curve. Similarly, equation (7b) is used to obtain 100s-averaged 
normalized SAR in LTE B25 as shown in orange curve. Equation (7c) is used to obtain total 
time-averaged normalized SAR as shown in green curve (i.e., sum of black and orange curves). 

 

 

 

 

 (W/kg) 

FCC normalized total exposure limit 1.0 

Max time averaged normalized SAR (green curve) 0.735 

Validated 
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Plot Notes: Maximum power is requested by callbox for the entire duration of the test, with 
tech/band switches from 60s-to-100s window at ~185 time stamp, and from 100s-to-60s window 
at ~290s time stamp. Smart Transmit controls the Tx power during these time-window switches 
to ensure total time-averaged RF exposure, i.e., sum of black and orange curves given by 
equation (7c), is always compliant. In time-window switch test, at all times the total time-
averaged normalized RF exposure (green curve) should not exceed normalized 
SAR_design_target + 1dB device uncertainty. In this test, with a maximum normalized SAR of 
0.735 being ≤ 0.79 (= 1.0/1.6 + 1dB device uncertainty), the above test result validated the 
continuity of power limiting in time-window switch scenario. 

9.6 Switch in SAR exposure test results 

This test was conducted with callbox requesting maximum power, and with the EUT in LTE B5 + 
Sub6 NR Band n66 call. Following procedure detailed in Section 4.3.7 and Appendix E.2, and 
using the measurement setup shown in Figure 6-1(c) since LTE and Sub6 NR are sharing the 
same antenna port, the SAR exposure switch measurement is performed with the EUT in 
various SAR exposure scenarios, i.e., in SARsub6NR only scenario (t =0s ~120s), SARsu6NR + 
SARLTE scenario (t =120s ~ 240s) and SARLTE only scenario (t > 240s). 

 

Plot 2: All the conducted Tx power measurement results were converted into time-averaged 
normalized SAR values using Equation (7a), (7b) and (7c), and plotted below to demonstrate 
that the time-averaged normalized SAR versus time does not exceed the FCC limit of 1 unit. 
Equation (7a) is used to convert the LTE Tx power of device to obtain 100s-averaged 
normalized SAR in LTE B5 as shown in black curve. Similarly, equation (7b) is used to obtain 
100s-averaged normalized SAR in Sub6 NR n66 as shown in orange curve. Equation (7c) is 
used to obtain total time-averaged normalized SAR as shown in green curve (i.e., sum of black 
and orange curves). 
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Plot Notes: Device starts predominantly in Sub6 NR SAR exposure scenario between 0s and 
120s, and in LTE SAR + Sub6 NR SAR exposure scenario between 120s and 240s, and in 
predominantly in LTE SAR exposure scenario after t=240s. Here, Smart Transmit allocates a 
maximum of 75% of exposure margin (based on 3dB reserve margin setting) for Sub6 NR. This 
corresponds to a normalized 1gSAR exposure value = 75% * 1.110 W/kg measured SAR at 
Sub6 NR Plimit / 1.6W/kg limit = 0.520 ± 1dB device related uncertainty (see orange curve 
between 0s~120s). For predominantly LTE SAR exposure scenario, maximum normalized 
1gSAR exposure should correspond to 100% exposure margin = 0.782 W/kg measured SAR at 
LTE Plimit / 1.6W/kg limit = 0.489 ± 1dB device related uncertainty (see black curve after t = 
240s). Additionally, in SAR exposure switch test, at all times the total time-averaged normalized 
RF exposure (green curve) should not exceed normalized SAR_design_target + 1dB device 
uncertainty. In this test, with a maximum normalized SAR of 0.646 being ≤ 0.79 (= 1.0/1.6 + 1dB 
device uncertainty), the above test result validated the continuity of power limiting in SAR 
exposure switch scenario.  

 

 (W/kg) 

FCC normalized total exposure limit 1.0 

Max time averaged normalized SAR (green curve) 0.646 

Validated 
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10 T E S T  C O N F I G U R A T I O N S  ( F R E Q  >  6  G H Z )  

10.1 LTE + mmW NR transmission 

Based on the selection criteria described in Section 4.2, the selections for LTE and mmW NR validation 
test are listed in Table 10-1. The radio configurations used in this test are listed in Table 10-2. 

Table 10-1   
Selections for LTE + mmW NR validation measurements 

Transmission 
Scenario 

Test Technology and Band mmW Beam 

Time-varying 
Tx power test 

1. Cond. & Rad. Power 
meas. 

2. PD meas. 

LTE Band 2 and n261 Beam ID 19 

LTE Band 2 and n260 Beam ID 26 

Switch in SAR 
vs. PD 

1. Cond. & Rad. Power 
meas. 

LTE Band 2 and n261 Beam ID 19 

LTE Band 2 and n260 Beam ID 26 

Beam switch 
test 

1. Cond. & Rad. Power 
meas. 

LTE Band 2 and n261 Beam ID 19 to Beam ID 1 

LTE Band 2 and n260 Beam ID 26 to Beam ID 1 

Table 10-2 
Test configuration for LTE + mmW NR validation 

 

10.2 mmW NR radiated power test results 

To demonstrate the compliance, the conducted Tx power of LTE 2 in DSI = 3 is converted to 1gSAR 
exposure by applying the corresponding worst-case 1g SAR value at Plimit as reported in Part 1 report and 
listed in Table 8-2 of this report. 

Similarly, following Step 4 in Section 5.3.1, radiated Tx power of mmW Band n261 and n260 for the 
beams tested is converted by applying the corresponding measured worst-case 4cm2PD values, and 
listed in below Table 10-3. Qualcomm Smart Transmit feature operates based on time-averaged Tx 
power reported on a per symbol basis, which is independent of modulation, channel and bandwidth 
(RBs), therefore the worst-case 4cm2PD was conducted with the EUT in FTM mode, with CW modulation 
and 100% duty cycle. cDASY6 system verification for power density measurement is provided in Section 
12, and the associated SPEAG certificates are attached in Appendix E. 

Both the worst-case 1gSAR and 4cm2PD values used in this section are listed in Table 10-3. The 
measured EIRP at input.power.limit for the beams tested in this section are also listed in Table 10-3. 

Tech Band Antenna DSI Channel
Freq 
(MHz)

RB/RB 
Offset/Bandwidth 

(MHz)
Mode

UL Duty 
Cycle

LTE 2 A 3 18900 1880 1/0/20 MHz BW QPSK 100%

n261 K - 2071821 27559.32 66/0/100 MHz BW CP-OFDM, QPSK 75.6%*

n260 K - 2254147 38498.88 66/0/100 MHz BW CP-OFDM, QPSK 75.6%*
mmW NR
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Table 10-3 
Worst-case 1gSAR, 4cm2 avg. PD and EIRP measured at input.power.limit for the selected 

configurations 

 

 

 

 

*The input.power.limit for n260 beam 1 is 9.9 dBm. However, the maximum input power of SDX55M for 
n261 CP-OFDM modulation is 8.5dBm for the test configuration used, thus, the input.power.limit was 
adjusted to 8.5 dBm in the static PD measurement via FTM for n260 beam 1 to obtain the maximum PD 
exposure for CP-OFDM modulation. 

The 4cm2 psPD distributions for the highest PD value per band, as listed in Table 10-3, are plotted below. 
  

4cm2 psPD 

(W/m2)

Test 
Position

K 19 4.1 4.23 Left 14.77

K 1 9.3 4.05 Left 11.21

K 26 4.6 4.67 Left 17.49

K 1 8.5** 5.01 Left 10.86

Measured EIRP at 
input.power.limit 

(dBm)

mmW NR

mmW NR

n261

n260

Measured psPD at 

input.power.limit

Tech Band Antenna Beam ID
input.power.limit 

(dBm)

1g SAR 
(W/kg)

Test 
Position

LTE 2 A 3 18.58 1.04 Bottom

Measured 1g SAR at Plimit
Tech Band Antenna DSI

Measured 
Plimit (dBm)
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Figure 10-1 
4cm2 psPD distribution measured at input.power.limit of 4.1 dBm on the left surface for 

n261 beam 19 

 

Figure 10-2 
4cm2 psPD distribution measured at input.power.limit of 8.5 dBm on the left surface for 

n260 beam 1 
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11 R A D I A T E D  P O W E R  T X  C A S E S  ( F R E Q  >  6  G H Z )  

11.1 Maximum Tx power test results for n261 

This test was measured with LTE 2 and mmW Band n261 Beam ID 19, 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 n261 
beam 19 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 10-3, this corresponds to a normalized 4cm2PD exposure value for 
Beam ID 19 of (75% * 4.23 W/m2)/(10 W/m2) = 31.7% ± 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% * 1.04 W/kg)/(1.6 W/kg) = 65.0% ± 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) 0.607 

Validated 
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11.2 Maximum Tx power test results for n260 

This test was measured with LTE 2 and mmW Band n260 Beam ID 26, 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 26 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 10-3, this corresponds to a normalized 4cm2PD exposure value for 
Beam ID 26 of (75% * 4.67 W/m2)/(10 W/m2) = 35.0% ± 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% * 1.04 W/kg)/(1.6 W/kg) = 65.0% ± 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) 0.598 

Validated 
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11.3 Switch in SAR vs. PD exposure test results for n261 

This test was measured with LTE Band 2 (DSI =3) and mmW Band n261 Beam ID 19 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 10-3, this corresponds to a normalized 4cm2PD exposure value for Beam ID 
19 of (75% * 4.23 W/m2)/(10 W/m2) = 31.7% ± 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% * 1.04 W/kg)/(1.6 W/kg) = 65.0% ± 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 11.1). Total normalized 
time-averaged exposure (green curve) for this test should be within the calculated range 
between 31.7% ± 2.1dB device related uncertainty (only PD exposure) and 65.0% ± 1dB design 
related uncertainty (only SAR exposure).  

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. 

FCC requirement for total RF exposure (normalized) 1.0 

Max total normalized time-averaged RF exposure (green curve) 0.562 

Validated 
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11.4 Switch in SAR vs. PD exposure test results for n260 

This test was measured with LTE Band 2 (DSI =3) and mmW Band n260 Beam ID 26, 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 10-3, this corresponds to a normalized 4cm2PD exposure value for Beam ID 
26 of (75% * 4.67 W/m2)/(10 W/m2) = 35.0% ± 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% * 1.04 W/kg)/(1.6 W/kg) = 65.0% ± 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 11.1). Total normalized 
time-averaged exposure (green curve) for this test should be within the calculated range 
between 35.0% ± 2.1dB device related uncertainty (only PD exposure) and 65.0% ± 1dB design 
related uncertainty (only SAR exposure).  

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. 

FCC requirement for total RF exposure (normalized) 1.0 

Max total normalized time-averaged RF exposure (green curve) 0.560 

Validated 
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11.5 Change in Beam test results for n261 

This test was measured with LTE Band 2 (DSI = 3) and mmW Band n261, with beam switch 
from Beam ID 19 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 19 and 
beam 1: 

 

Normalized time-averaged exposures for LTE and mmW (4cm2PD), as well as total normalized 
time-averaged exposure versus time: 

 
 

 

FCC requirement for total RF exposure (normalized) 1.0 

Max total normalized time-averaged RF exposure (green curve) 0.318 

Validated 
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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 10-3, exposure between 1s 
~100s corresponds to a normalized 4cm2PD exposure value for Beam ID 19 of (75% * 4.23 W/m2)/(10 
W/m2) = 31.7% ± 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 9.3dBm. Smart 
Transmit feature allocates a maximum of 75% for mmW (based on 3dB reserve setting in Part 1 report). 
Therefore, normalized 4cm2PD exposure value for n261 Beam ID 1 = (75% * 4.05 W/m2)/(10 W/m2) = 
30.4% ± 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 10-3, i.e., 3.6 dB ± 2.1dB device 
uncertainty. 

11.6 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 26 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 26 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 10-3, exposure between 1s 
~100s corresponds to a normalized 4cm2PD exposure value for Beam ID 26 of (75% * 4.67 W/m2)/(10 
W/m2) = 35.0% ± 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 9.9 dBm, however the 
maximum input power for n260 CP-OFDM modulation is capped at 8.5dBm. Smart Transmit feature 
allocates a maximum of 75% for mmW (based on 3dB reserve setting in Part 1 report). Therefore, 
normalized 4cm2PD exposure value for n260 Beam ID 1 = (75% * 5.01 W/m2)/(10 W/m2) = 37.6% ± 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 10-3, i.e., 6.6dB ± 2.1dB device 
uncertainty. 

 

 

FCC requirement for total RF exposure (normalized) 1.0 

Max total normalized time-averaged RF exposure (green curve) 0.444 

Validated 
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12 S Y S T E M  V E R I F I C A T I O N  ( F R E Q  >  6  G H Z )  

The system was verified to be within ±0.66 dB of the power density targets on the calibration certificate according 
to the test system specification in the user’s manual and calibration facility recommendation. The 0.66 dB 
deviation threshold represents the expanded uncertainty for system performance checks using SPEAG’s 
mmWave verification sources. The same spatial resolution and measurement region used in the source 
calibration was applied during the system check.  
 
The measured power density distribution of verification source was also confirmed through visual inspection to 
have no noticeable differences, both spatially (shape) and numerically (level) from the distribution provided by the 
manufacturer, per November 2017 TCBC Workshop Notes.   
 

 
Table 12-1 

System Verification Results 

 
 

Note: A 10 mm distance spacing was used from the reference horn antenna aperture to the probe element.  
This includes 4.45 mm from the reference antenna horn aperture to the surface of the verification source plus 

5.55 mm from the surface to the probe. The SPEAG software requires a setting of “5.55 mm” for the correct set 
up.  

 

 
Figure 12-1 

System Verification Setup Photo 
 
 

 

measured target measured target

N 30 7/6/2020 1035 9420 28.80 32.10 ‐0.47 29.40 32.50 ‐0.44

N 30 7/7/2020 1035 9420 28.50 32.10 ‐0.52 29.40 32.50 ‐0.44

System Verification

Syst. Freq. (GHz) Date
Source 

SN
Probe SN

Normal psPD (W/m2 over 4 cm2)
Deviation (dB)

Total psPD (W/m2 over 4 cm2)
Deviation (dB)
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13 E Q U I P M E N T  L I S T  

 
Notes: 

1. 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.  The power meter offset 
was then adjusted to compensate for the measurement system losses. This level offset is stored within the power meter before 
measurements are made.  This calibration verification procedure applies to the system verification and output power measurements. 
The calibrated reading is then taken directly from the power meter after compensation of the losses for all final power measurements. 

2. Due to the worldwide pandemic caused by the novel SAR-CoV-2 virus (COVID-19), special calibration extensions have been permitted 
by A2LA. Some equipment had its calibration period extended accordingly and will be calibrated when possible. 

3. Each equipment item is used solely within its respective calibration period. 

Manufacturer Model Description Cal Date Cal Interval Cal Due Serial Number 

Agilent  8594A  (9kHz‐2.9GHz) Spectrum Analyzer  N/A  N/A N/A  3051A00187 

Agilent  E4432B  ESG‐D Series Signal Generator  7/14/2019 Annual  7/14/2020 US40053896 

Agilent  N9020A  MXA Signal Analyzer  12/19/2019 Annual  12/19/2020 MY48010233

Agilent  N5182A  MXG Vector Signal Generator  6/27/2019 Annual  6/27/2020 US46240505 

Agilent  8753ES  S‐Parameter Network Analyzer  12/31/2019 Annual  12/31/2020 US39170122 

Agilent  N5182A  MXG Vector Signal Generator  7/10/2019 Annual  7/10/2020 MY47420800 

Agilent  E4438C  ESG Vector Signal Generator  3/8/2019 Biennial  3/8/2021 MY42082385 

Agilent  E4438C  ESG Vector Signal Generator  3/11/2019 Biennial  3/11/2021 MY45090700 

Agilent  8753ES  S‐Parameter Network Analyzer  1/16/2020 Annual  1/16/2021 US39170118 

Agilent  8753ES  S‐Parameter Network Analyzer  8/26/2019 Annual  8/26/2020 MY40000670 

Agilent  8753ES  S‐Parameter Vector Network Analyzer  9/19/2019 Annual  9/19/2020 MY40003841 

Amplifier Research  15S1G6  Amplifier  CBT N/A  CBT 433972

Amplifier Research  15S1G6  Amplifier  CBT N/A  CBT 433974

Anritsu  ML2495A  Power Meter  12/17/2019 Annual  12/17/2020 941001

Anritsu  MA24106A  USB Power Sensor  2/27/2020 Annual  2/27/2021 1520501

Anritsu  MA24106A  USB Power Sensor  2/27/2020 Annual  2/27/2021 1520503

Anritsu  ML2496A  Power Meter  12/17/2019 Annual  12/17/2020 1138001

Anritsu  MA2411B  Pulse Power Sensor  12/4/2019 Annual  12/4/2020 0846215

Anritsu  MA2411B  Pulse Power Sensor  12/4/2019 Annual  12/4/2020 1126066

COMTECH  AR85729‐5/5759B  Solid State Amplifier  CBT N/A  CBT M3W1A00‐1002 

COMTech  AR85729‐5  Solid State Amplifier  CBT N/A  CBT M1S5A00‐009 

Control Company  4352 Ultra Long Stem Thermometer  8/2/2018 Biennial  8/2/2020 181292061

Control Company  4040 Therm./ Clock/ Humidity Monitor  10/9/2018 Biennial  10/9/2020 181647811

Control Company  4352 Long Stem Thermometer  6/26/2019 Biennial  6/26/2021 192282753

Keysight Technologies  772D  Dual Directional Coupler  CBT N/A  CBT MY52180215 

MCL  BW‐N6W5+  6dB Attenuator  CBT N/A  CBT 1139

MiniCircuits  SLP‐2400+  Low Pass Filter  CBT N/A  CBT R8979500903 

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 

Mini‐Circuits  NLP‐2950+  Low Pass Filter DC to 2700 MHz  CBT N/A  CBT N/A 

Mini‐Circuits  NLP‐1200+  Low Pass Filter DC to 1000 MHz  CBT N/A  CBT N/A 

Mini‐Circuits  BW‐N20W5  Power Attenuator  CBT N/A  CBT 1226

Narda  4772‐3  Attenuator  CBT N/A  CBT 9406

Narda  BW‐S3W2  Attenuator  CBT N/A  CBT 120

Narda  BW‐S10W2+ Attenuator  CBT N/A  CBT 831

Narda  4014C‐6  4 ‐ 8 GHz SMA 6 dB Directional Coupler    CBT N/A  CBT N/A 

Pasternack  PE2208‐6  Bidirectional Coupler  CBT N/A  CBT N/A 

Pasternack  PE2209‐10  Bidirectional Coupler  CBT N/A  CBT N/A 

Pasternack  NC‐100  Torque Wrench  7/18/2018 Biennial  7/18/2020 N/A 

Rohde & Schwarz  CMW500  Radio Communication Tester  8/26/2019 Annual  8/26/2020 100976

SPEAG  5G Verification Source 30GHz  30GHz System Verification Antenna  2/12/2020 Annual  2/12/2021 1035

SPEAG  EUmmWV3  EUmmWV3 Probe  2/14/2020 Annual  2/14/2021 9420

SPEAG  DAE4  Dasy Data Acquisition Electronics  4/15/2020 Annual  4/15/2021 1582

SPEAG  DAK‐3.5  Dielectric Assessment Kit  10/22/2019 Annual  10/22/2020 1091

Mini Circuits  ZAPD‐2‐272‐S+ Power Splitter CBT N/A  CBT SF702001405

Keysight Technologies  E7515B UXM 5G Wireless Test Platform 6/11/2019 Annual  12/11/2020 MY59150289

Ramsey Electronics, LLC STE6300 Shielded Test Enclosure N/A  N/A N/A  1310

Newmark System NSC‐G2 Motion Controller CBT N/A  CBT 1007‐D

Keysight Technologies  M1740A mmWave Transceiver 5/7/2019 Annual  11/7/2020 MY58481076

Keysight Technologies  M1740A mmWave Transceiver 5/7/2019 Annual  11/7/2020 MY58481133

Narda 4216‐10 Directional Coupler, 0.5 to 8.0 GHz, 10 dB 5/16/2019 Annual  11/16/2020 01492

Narda 4216‐10 Directional Coupler, 0.5 to 8.0 GHz, 10 dB 5/16/2019 Annual  11/16/2020 01493

Krytar 110067006 Directional Coupler, 10 ‐ 67 GHz  N/A  N/A N/A  200391

Keysight Technologies  E7770A Common Interface Unit 4/29/2019 Annual  10/29/2020 MY58290483

Rohde & Schwarz  NRP8S  3‐Path Dipole Power Sensor 6/1/2019 Annual  12/1/2020 108168

Rohde & Schwarz  NRP8S  3‐Path Dipole Power Sensor 6/1/2019 Annual  12/1/2020 108523

Rohde & Schwarz  NRP8S  3‐Path Dipole Power Sensor 6/10/2020 Annual  6/10/2021 109322

Rohde & Schwarz  NRP50S 3‐Path Dipole Power Sensor 6/1/2019 Annual  12/1/2020 101164

K & L  11SH10‐1300/U4000 High Pass Filter N/A  N/A  N/A  11SH10‐1300/U4000 ‐ 2

MIniCircuits NLP‐1200+ Low Pass Filter N/A  N/A  N/A  VUU78201318
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14 M E A S U R E M E N T  U N C E R T A I N T I E S  

For PD Measurements 
 

a  b  c  d  e 
f = 

g 
b x e/d 

Uncertainty Component 
Unc.  Prob.      ui   

(± dB)  Dist.  Div.  ci  (± dB)  vi 

Calibration  0.49  N  1  1.0  0.49  ∞ 

Probe correction  0  R  1.73  1.0  0.00  ∞ 

Frequency Response (BW ≤ 1 GHz)  0.20  R  1.73  1.0  0.12  ∞ 

Sensor cross coupling  0  R  1.73  1.0  0.00  ∞ 

Isotropy  0.50  R  1.73  1.0  0.29  ∞ 

Linearity  0.20  R  1.73  1.0  0.12  ∞ 

Probe Scattering  0  R  1.73  1.0  0  ∞ 

Probe Positioning Offset  0.30  R  1.73  1.0  0.17  ∞ 

Probe Positioning Repeatability   0.04  R  1.73  1.0  0.02  ∞ 

Sensor Mechanical Offset  0  R  1.73  1.0  0  ∞ 

Probe Spatial Resolution  0  R  1.73  1.0  0  ∞ 

Field Impedance Dependence  0  R  1.73  1.0  0  ∞ 

Amplitude and phase drift  0  R  1.73  1.0  0  ∞ 

Amplitude and phase noise  0.04  R  1.73  1.0  0.02  ∞ 

Measurement area truncation  0  R  1.73  1.0  0  ∞ 

Data acquisition  0.03  N  1  1.0  0.03  ∞ 

Sampling  0  R  1.73  1.0  0  ∞ 

Field Reconstruction  0.60  R  1.73  1.0  0.35  ∞ 

Forward Transformation  0  R  1.73  1.0  0  ∞ 

Power Density Scaling  ‐  R  1.73  1.0  ‐  ∞ 

Spatial Averaging  0.10  R  1.73  1.0  0.06  ∞ 

System Detection Limit  0.04  R  1.73  1.0  0.02  ∞ 

Test Sample and Environmental Factors 

Probe Coupling with DUT  0  R  1.73  1.0  0  ∞ 

Modulation Response   0.40  R  1.73  1.0  0.23  ∞ 

Integration Time  0  R  1.73  1.0  0  ∞ 

Response Time  0  R  1.73  1.0  0  ∞ 

Device Holder Influence  0.10  R  1.73  1.0  0.06  ∞ 

DUT Alignment  0  R  1.73  1.0  0  ∞ 

RF Ambient Conditions  0.04  R  1.73  1.0  0.02  ∞ 

Ambient Reflections  0.04  R  1.73  1.0  0.02  ∞ 

Immunity / Secondary Reception  0  R  1.73  1.0  0  ∞ 

Drift of the DUT  0.22  R  1.73  1.0  0.13  ∞ 

Combined Standard Uncertainty (k=1)    RSS      0.76  ∞ 

(95% CONFIDENCE LEVEL)  k=2  1.53 
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15 C O N C L U S I O N  

15.1 Measurement Conclusion 

The SAR evaluation indicates that the DUT complies with the RF radiation exposure limits of the FCC and 
Innovation, Science, and Economic Development Canada, with respect to all parameters subject to this test. 
These measurements were taken to simulate the RF effects of RF exposure under worst-case conditions. Precise 
laboratory measures were taken to assure repeatability of the tests.  The results and statements relate only to the 
item(s) tested.   
 
Please note that the absorption and distribution of electromagnetic energy in the body are very complex 
phenomena that depend on the mass, shape, and size of the body, the orientation of the body with respect to the 
field vectors, and the electrical properties of both the body and the environment.  Other variables that may play a 
substantial role in possible biological effects are those that characterize the environment (e.g. ambient 
temperature, air velocity, relative humidity, and body insulation) and those that characterize the individual (e.g. 
age, gender, activity level, debilitation, or disease).  Because various factors may interact with one another to vary 
the specific biological outcome of an exposure to electromagnetic fields, any protection guide should consider 
maximal amplification of biological effects as a result of field-body interactions, environmental conditions, and 
physiological variables. [3] 
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A1 
 

PCTEST 

Date: 07/06/2020 

30 GHz System Verification 

Device Under Test Properties 
DUT Serial Number 

30 GHz Verification Source 1035 

 

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 – SN9420, 02/14/2020 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] 29.40 

pSn avg [W/m2] 28.80 

Epeak [V/m] 124 

Deviation (dB) -0.44  

 

 

 
30GHz System Verification Calibration Certificate 



A2 
 

 

PCTEST 

Date: 07/07/2020 

30 GHz System Verification 

Device Under Test Properties 
DUT Serial Number 

30 GHz Verification Source 1035 

 

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 – SN9420, 02/14/2020 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] 29.40 

pSn avg [W/m2] 28.50 

Epeak [V/m] 124 

Deviation (dB) -0.44  

 

 
30GHz System Verification 

 
Calibration Certificate 
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A P P E N D I X  C :  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 (P limit) 

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 C-1 
Test sequence 1 waveform 
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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 C-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 C-2. 

 

Figure C-2 
Test sequence 2 waveform
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A P P E N D I X  D :  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 D 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. 

D.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 9.1.7 and 9.1.8. 

D .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. 



   
 

© 2020 PCTEST  
  

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

 


















































