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1 Introduction 

The equipment under test (EUT) is enabled with Qualcomm Smart Transmit feature. It contains 

the Qualcomm modem supporting 5G NR bands. These modems enable Qualcomm Smart 

Transmit feature to control and manage transmitting power in real time and to ensure at all 

times the time-averaged RF exposure is in compliance with the FCC requirement. 

This purpose of the Part 2 report is to demonstrate the EUT complies with FCC RF exposure 

requirement under Tx varying transmission scenarios, thereby validity of Qualcomm Smart 

Transmit feature for FCC equipment authorization 

The input.power.limit used in this report is determined in Part 0 and Part 1 reports. 

Refer to PART 0 POWER DENSITY CHAR REPORT, for product description and terminology 

used in this report. 
 

Note1：The Part 0 report refer to R500L5 sub6_mmw power density simulation report_Part 0. 

Note2：The Part 1 report refer to SZ21060072S02. 
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2 Tx Varying Transmission Test Cases and Test Proposal 

To validate time averaging feature and demonstrate the compliance in Tx varying 

transmission conditions, the following transmission scenarios are covered in Part 2 test: 

1. During a time-varying Tx power transmission: To prove that the Smart Transmit feature 

accounts for Tx power variations in time accurately. 

2. During antenna (or beam) switch: To prove that the Smart Transmit feature functions 

correctly during transitions in antenna (such as AsDiv scenario) or beams (different antenna 

array configurations). 

3. SAR vs. PD exposure switching during sub-6+mmW transmission: To prove that the Smart 

Transmit feature functions correctly and ensures total RF exposure compliance during 

transitions in SAR dominant exposure, SAR+PD exposure, and PD dominant exposure 

scenarios. 

 

As described in Part 0 report, the RF exposure is proportional to the Tx power for  PD-

characterized wireless device. Thus, feature validation in Part 2 can be effectively performed 

through  radiated (for f ≥ 6GHz) power measurement. Therefore, the compliance 

demonstration under dynamic transmission conditions and feature validation are done 

inradiated power measurement setup for transmission scenario 1 through 3.To add confidence 

in the feature validation, the time-averaged  PD measurements are also performed but only 

performed for transmission scenario 1 to avoid the complexity in  PD measurement. 

The strategy for testing in Tx varying transmission condition is outlined as follows: 
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3 PD Time Averaging Validation Test Procedures 

This chapter provides the test plan and test procedures for validating Qualcomm Smart 
Transmit feature for mmW transmission. For this EUT, millimeter wave (mmW) transmission is 
only in non-standalone mode, i.e., it requires an LTE link as anchor. 

 
3.1 Test sequence determination for validation 

In 5G mmW NR transmission, the test sequence for validation is with the callbox requesting 
EUT’s Tx power in 5G mmW NR at maximum power all the time. 

 
3.2 Test configuration selection criteria for validating Smart Transmit feature 

3.2.1 Test configuration selection for time-varying Tx power transmission 

The Smart Transmit time averaging feature operation is independent of bands, modes, 
channels, and antenna configurations (beams) for a given technology. Hence, validation of 
Smart Transmit in any one band/mode/channel per technology is sufficient. 

 

3.2.2 Test configuration selection for change in antenna configuration (beam) 

The Smart Transmit time averaging feature operation is independent of bands, modes, 
channels, and antenna configurations (beams) for a given technology. Hence, validation of 
Smart Transmit with beam switch between any two beams is sufficient. 

 

3.2.3 Test configuration election for SAR vs. PD exposure switch during 
transmission 

The Smart Transmit time averaging feature operation is independent of the nature of 
exposure (SAR vs. PD) and ensures total time-averaged RF exposure compliance. Hence, 
validation of Smart Transmit in any one band/mode/channel/beam for mmW + sub-6 (LTE) 
transmission is sufficient, where the exposure varies among SAR dominant scenario, 
SAR+PD scenario, and PD dominant scenario. 
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3.3 Test procedures for mmW radiated power measurements 

Perform conducted power measurement (for f < 6GHz) and radiated power measurement (for 
f > 6GHz) for LTE + mmW transmission to validate Smart Transmit time averaging feature in 
the various transmission scenarios described in Section 2. 

This section provides general conducted power measurement procedures to perform 
compliance test under dynamic transmission scenarios described in Section 2. In practice, an 
adjustment can be made in these procedures. The justification/clarification may be provided 

 

3.3.1 Time-varying Tx power scenario 

The purpose of the test is to demonstrate the effectiveness of power limiting enforcement and 
that the time-averaged Tx power when converted into RF exposure values does not exceed 
the FCC limit at all times (see Eq. (2a), (2b) & (2c) in Section 2). 

 

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

and measure radiated Tx power corresponding to input.power.limit in desired 
mmW band/channel/beam by following below steps: 

a) Measure radiated power corresponding to mmW input.power.limit by setting up 
the EUT’s Tx power in desired band/channel/beam at input.power.limit in Factory 
Test Mode (FTM). This test is performed in a calibrated anechoic chamber. 
Rotate the EUT to obtain maximum radiated Tx power, keep the EUT in this 
position and do not disturb the position of the EUT inside the anechoic chamber 
for the rest of this test. 

b) Reset EUT to place in online mode and establish radio link in LTE, 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. 

 

2. Set Reserve_power_margin to actual (intended) value and reset power on EUT 
to enable Smart Transmit. With EUT setup for a mmW NR call in the 
desired/selected LTE band and mmW NR band, perform the following steps: 

a) Establish LTE and mmW NR connection in desired band/channel/beam used in 
Step 1. As soon as the mmW connection is established, immediately request all-
down bits on LTE link. With callbox requesting EUT’s Tx power to be at 
maximum mmW power to test predominantly PD exposure scenario (as SAR 
exposure is less when LTE’s Tx power is at low power). 

b) After 120s, request LTE to go all-up bits for at least 100s. SAR exposure is 
dominant. There are two scenarios: 
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c) Record the conducted Tx power of LTE and radiated Tx power of mmW for the 
full duration of this test of at least 300s. 

 

 

3. Once the measurement is done, extract instantaneous Tx power versus time 
for both LTE and mmW links. Convert the conducted Tx power for LTE into 
1gSAR or 10gSAR value using Eq. (2a) and Plimit  measured in Step 1.b, and 
then divide by FCC limit of 1.6 W/kg for 1gSAR or 4.0 W/kg for 10gSAR to 
obtain instantaneous normalized 1gSAR or 10gSAR versus time. Perform 100s 
running average to determine normalized 100s-averaged 1gSAR or 10gSAR 
versus time. 

NOTE: In Eq.(2a), instantaneous Tx power is converted into instantaneous 
1gSAR or 10gSAR value by applying the measured worst-case 1gSAR or 
10gSAR value at Plimit for the corresponding technology/band/antenna/DSI 
reported in Part 1 report. 

4. Similarly, convert the radiated Tx power for mmW into 4cm2PD value using Eq. 

(2b) and the radiated Tx power limit (i.e., radiated Tx power at input.power.limit) 

measured in Step 1.a, then divide by FCC 4cm2PD limit of 10W/m2 to obtain 

instantaneous normalized 4cm2PD versus time. Perform 4s running average to 

determine normalized 4s-averaged 4cm2PD versus time. 

NOTE: In Eq.(2b), instantaneous radiated Tx power is converted into 

instantaneous 4cm2PD by applying the worst-case 4cm2PD value measured at 

input.power.limit for the selected band/beam in Part 1 report. 

5. Make one plot containing: (a) instantaneous conducted Tx power for LTE 
versus time, (b) computed 100s-averaged conducted Tx power for LTE versus 
time, (c) instantaneous radiated Tx power for mmW versus time, as measured 
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in Step 2, (d) computed 4s-averaged radiated Tx power for mmW versus time, 
and (e) time- averaged conducted and radiated power limits for LTE and mmW 
radio using Eq. (5a) & (5b), respectively: 

 

 

6. Make another plot containing: (a) computed normalized 100s-averaged 1gSAR 
or 10gSAR versus time determined in Step 3, (b) computed normalized 4s-

averaged 4cm2PD versus time determined in Step 4, and (c) corresponding 

total normalized time-averaged RF exposure (sum of steps (6.a) and (6.b)) 
versus time 
 

The validation criteria are, at all times, the total normalized time-averaged RF exposure 
versus time determined in Step 6.c shall not exceed the normalized limit of 1.0 of FCC 
requirement (i.e., Eq. (2c). 

 

3.3.2 Switch in SAR vs. PD exposure during transmission 

This test is to demonstrate that Smart Transmit feature is independent of the nature of 
exposure (SAR vs. PD), accurately accounts for switching in exposures among SAR 
dominant, SAR+PD, and PD dominant scenarios, and ensures total time-averaged RF 
exposure compliance. 

 

Test procedure: 

1. Measure conducted Tx power corresponding to Plimit for LTE in selected band, and 
measure radiated Tx power corresponding to input.power.limit in desired mmW 
band/channel/beam by following below steps: 
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2. Set Reserve_power_margin to actual (intended) value and reset power in EUT, with EUT 
setup for LTE + mmW call, perform the following steps: 

 

3. Once the measurement is done, extract instantaneous Tx power versus time for both LTE 
and mmW links. Convert the conducted Tx power for LTE into 1gSAR or 10gSAR value 
using Eq. (2a) and Plimit  measured in Step 1.b, and then divide by FCC limit of 1.6 W/kg 
for 1gSAR or 4.0 W/kg for 10gSAR to obtain instantaneous normalized 1gSAR or 10gSAR 
versus time. Perform 100s running average to determine normalized 100s-averaged 
1gSAR or 10gSAR versus time. 

NOTE: In Eq.(2a), instantaneous Tx power is converted into instantaneous 1gSAR or 
10gSAR value by applying the measured worst-case 1gSAR or 10gSAR value at Plimit for 
the corresponding technology/band/antenna/DSI reported in Part 1 report. 

 

4. Similarly, convert the radiated Tx power for mmW into 4cm2PD value using Eq. (2b) and 

the radiated Tx power limit (i.e., radiated Tx power at input.power.limit) measured in Step 

1.a, then divide this by FCC 4cm2PD limit of 10W/m2 to obtain instantaneous normalized 

4cm2PD versus time. Perform 4s running average to determine normalized 4s-averaged 

4cm2PD versus time. 

NOTE: In Eq.(2b), instantaneous radiated Tx power is converted into instantaneous 

4cm2PD by applying the worst-case 4cm2PD value measured at input.power.limit for the 

selected band/beam in Part 1 report. 
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5. Make one plot containing: (a) instantaneous conducted Tx power for LTE versus time, (b) 
computed 100s-averaged conducted Tx power for LTE versus time, (c) instantaneous 
radiated Tx power for mmW versus time, as measured in Step 2, (d) computed 4s-
averaged radiated Tx power for mmW versus time, and (e) time- averaged conducted and 
radiated power limits for LTE and mmW radio using Eq. (5a) & (5b), respectively. 

 

6. Make another plot containing: (a) computed normalized 100s-averaged 1gSAR or 
10gSAR versus time determined in Step 3, (b) computed normalized 4s-averaged 

4cm2PD versus time determined in Step 4, and (c) corresponding total normalized time-

averaged RF exposure (sum of steps (6.a) and (6.b)) versus time. 
 

The validation criteria are, at all times, the total normalized time-averaged RF exposure 
versus time determined in Step 6.c shall not exceed the normalized limit of 1.0 of FCC 
requirement (i.e., Eq. (2c). 

 

3.3.3 Change in antenna configuration (beam) 

This test is to demonstrate the correct power control by Smart Transmit during changes in 
antenna configuration (beam). Since the input.power.limit varies with beam, the Eq. (2a), (2b) 
and (2c) in Section 2 are written as below for transmission scenario having change in beam, 

 

 



   
  

©Copyright. All rights reserved by CTTL.                            Page 14 of 72 
 

 

 

Test procedure: 

1. Measure conducted Tx power corresponding to Plimit for LTE in selected band, and measure 
radiated Tx power corresponding to input.power.limit in desired mmW band/channel/beam 
by following below steps: 

 

2. Set Reserve_power_margin to actual (intended) value and reset power in EUT, With EUT 
setup for LTE + mmW connection, perform the following steps: 

 

3. Once the measurement is done, extract instantaneous Tx power versus time for both LTE 
and mmW links. Convert the conducted Tx power for LTE into 1gSAR or 10gSAR value 
using the similar approach described in Step 3 of Section 4.3.2. Perform 100s running 
average to determine normalized 100s-averaged 1gSAR versus time. 

 

4. Similarly, convert the radiated Tx power for mmW NR into 4cm2PD value using Eq. (8b), 
(8c) and the radiated Tx power limits (i.e., radiated Tx power at input.power.limit) measured 
in Step 1.a for beam 1 and beam 2, respectively, and then divide the resulted PD values by 
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FCC 4cm2PD limit of 10W/m2 to obtain instantaneous normalized 4cm2PD versus time for 
beam 1 and beam 2. Perform 4s running average to determine normalized 4s-averaged 
4cm2PD versus time. 

NOTE: In Eq.(8b) and (8c), instantaneous radiated Tx power of beam 1 and beam 2 is 
converted into instantaneous 4cm2PD by applying the worst-case 4cm2PD value measured 
at the input.power.limit of beam 1 and beam 2 in Part 1 report, respectively. 

 

5. Since the measured radiated powers for beam 1 and beam 2 in Step 1.a were performed 
at an arbitrary rotation of EUT in anechoic chamber, repeat Step 1.a of this procedure by 
rotating the EUT to determine maximum radiated power at input.power.limit in FTM mode 
for both beams separately. Re-scale the measured instantaneous radiated power in Step 
2.c by the delta in radiated power measured in Step 5 and the radiated power measured in 
Step 1.a for plotting purposes in next Step. In other words, this step essentially converts 
measured instantaneous radiated power during the measurement in Step 2 into maximum 
instantaneous radiated power for both beams. Perform 4s running average to compute 4s-
avearged radiated Tx power. Additionally, use these EIRP values measured at 
input.power.limit at respective peak locations to determine the EIRP limits (using Eq. (5b)) 
for both these beams. 

 

6. Make one plot containing: (a) instantaneous conducted Tx power for LTE versus time, (b) 
computed 100s-averaged conducted Tx power for LTE versus time, (c) instantaneous 
radiated Tx power for mmW versus time, as obtained in Step 5, (d) computed 4s-averaged 
radiated Tx power for mmW versus time, as obtained in Step 5, and (e) time-averaged 
conducted and radiated power limits for LTE and mmW radio, respectively. 

 

7. Make another plot containing: (a) computed normalized 100s-averaged 1gSAR versus time 
determined in Step 3, (b) computed normalized 4s-averaged 4cm2PD versus time 
determined in Step 4, and (c) corresponding total normalized time- averaged RF exposure 
(sum of steps (6.a) and (6.b)) versus time. 

 

The validation criteria are, at all times, the total normalized time-averaged RF exposure 
versus time determined in Step 6.c shall not exceed the normalized limit of 1.0 of FCC 
requirement (i.e., (8d). 
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3.4 Test procedures for time-varying PD measurements 

The following steps are used to perform the validation through PD measurement for 
transmission scenario 1 described in Section 2: 

1. Place the EUT on the cDASY6 platform to perform PD measurement in the worst- case 
position/surface for the selected mmW band/beam. In PD measurement, the callbox is set 
to request maximum Tx power from EUT all the time. Hence, “path loss” calibration between 
callbox antenna and EUT is not needed in this test. 

 

2. Time averaging feature validation: 

 

 

 



   
  

©Copyright. All rights reserved by CTTL.                            Page 17 of 72 
 

 

 

 

The validation criteria are, at all times, the total normalized time-averaged RF exposure 
versus time determined in Step 2.e.iii shall not exceed the normalized limit of 1.0 of FCC 
requirement (i.e., Eq. (4c). 
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4 Test Configurations 
 

4.1 LTE + mmW NR transmission 
Based on the selection criteria described in Section 3.2, the selections for LTE and mmW NR 
validation test are listed in Table 4-1. The radio configurations used in this test are listed in Table 4-
2. 
 

Table 4-1  Selections for LTE + mmW NR validation measurements 
Transmission Scenario Test Technology and Band mmW Beam 

Time-varying Tx power test Cond. & Rad. Power meas. 

PD meas. 
LTE Band 5 and n260 Beam ID 16 
LTE Band 5 and n261 Beam ID 16 

Switch in SAR vs. PD Cond. & Rad. Power meas 
LTE Band 5 and n260 Beam ID 16 
LTE Band 5 and n261 Beam ID 16 

Beam switch test Cond. & Rad. Power meas 
LTE Band 5 and n260 Beam ID 21 to Beam ID 0 
LTE Band 5 and n261 Beam ID 17 to Beam ID 0 

 
Table 4-2: Test configuration for LTE + mmW NR validation 

Tech Band Beam ID Antenna DSI Mode UL Duty 
Cycle 

LTE  5 / Main Ant / QPSK 100% 

MmW NR 
N260 16,21,0 Module 0 / CW 75.6% 
N261 16,17,0 Module 0 / CW 75.6% 
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5 Radiated Power Test Results for mmW Smart Transmit 

Feature Validation 

5.1 Measurement setup 

The Keysight Technologies E7515B UXM callbox is used in this test. The UXM callbox has 
two RF radio heads to up/down convert IF to mmW frequencies, which in turn are connected 
to two horn antennas for V- and H-polarizations for downlink communication. In the uplink, 
a directional coupler is used in the path of one of the horn antennas to measure and record 
radiated power using a Rohde & Schwarz NR50S power sensor. Note here that the isolation 
of the directional coupler may not be sufficient to attenuate the downlink signal from the 
callbox, which will result in high noise floor masking the recording of radiated power from 
EUT. In that case, either lower the downlink signal strength emanating from the RF radio 
heads of callbox or add an attenuator between callbox radio heads and directional coupler. 
Additionally, note that since the measurements performed in this validation are all relative, 
measurement of EUT’s radiated power in one polarization is sufficient. The EUT is placed 
inside an anechoic chamber with V- and H-pol horn antennas to establish the radio link as 
shown in Figure 8-1. The callbox’s LTE port is directly connected to the EUT’s RF port via 
a directional coupler to measure the EUT’s conducted Tx power using a Rohde & Schwarz 
NR8S power sensor. Additionally, EUT is connected to the PC via USB connection for 
sending beam switch command. Care is taken to route the USB cable and RF cable (for 
LTE connection) away from the EUT’s mmW antenna modules.  

Setup in Figure 5-1 is used for the test scenario 1, 2 and 3 described in Section 2. The test 
procedures described in Section 4 are followed. The path losses from the EUT to both the 
power meters are calibrated and used as offset in the power meter. 
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Figure 5-1  mmW NR radiated power measurement setup 

 
Both the callbox and power meters are connected to the PC using USB cables. Test scripts are 
custom made for automation of establishing LTE + mmW call, conducted Tx power recording for 
LTE and radiated Tx power recording for mmW. These tests are manually stopped after desired 
time duration. Test script is programmed to set LTE Tx power to all-down bits on the callbox 
immediately after the mmW link is established, and programmed to set toggle between all-up and 
all-down bits depending on the transmission scenario being evaluated. Similarly, test script is also 
programmed to send beam switch command manually to the EUT via USB connection. For all the 
tests, the callbox is set to request maximum Tx power in mmW NR radio from EUT all the time. 
 
Test configurations for this validation are detailed in Section 4.2. Test procedures are listed in 
Section 3.3. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



   
  

©Copyright. All rights reserved by CTTL.                            Page 21 of 72 
 

5.2 mmW NR radiated power test results 
To demonstrate the compliance, the conducted Tx power of LTE Band 5 is converted to 1gSAR 
exposure by applying the corresponding worst-case 1gSAR value at Plimit  as reported in Part 1 
report and listed in Table 4-2 of this report. 
 
Similarly, following Step 4 in Section 3.3.1, radiated Tx power of mmW Band n261 and n260 for the 

beams tested is converted by applying the corresponding worst-case 4cm2PD values from Part 1 

report, and listed in below Table 5-1. 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 Appendix C, and the associated SPEAG certificates are attached in Appendix D. 
 

Both the worst-case 1gSAR and 4cm2PD values used in this section are listed in Table 5-1. The 

measured EIRP at input.power.limit for the beams tested in this section are also listed in Table 5-1. 
 

Table 5-1: Worst-case 1gSAR, 4cm2 avg. PD and EIRP measured at input.power.limit for the 

selected configurations 

Tech Band Antenna 
Beam 

ID 
Input power 
limit (dBm) 

Meas. 4cm2 PD Meas.EIPR 
at Input 

power limit 
(dBm) 

at Input power 
limit(W/m2) 

configuration 

mmW NR N261 Module0 
16 2.56 2.41 Front 11.03 
17 1.63 3.17 Front 10.78 
0 8 2.13 Front 6.01 

mmW NR N260 Module0 
16 1.08 3.08 Front 9.27 
21 0.88 2.99 Front 11.61 
0 6.67 2.48 Front 8.29 

 

Tech Band Antenna DSI 

Meas.1g SAR 

configuration 
Meas. 
Plimit 
(dBm) 

At 
Plimit(W/kg) 

LTE 5 1 3 23 0.523 Front 
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Figure 5-2: 4cm2-averaged power density distribution measured at input.power.limit of 
1.63dBm on the back surface for n261 beam 17 

 

 
Figure 5-3: 4cm2-averaged power density distribution measured at input.power.limit of 
1.08dBm on the back surface for n260 beam 16 



   
  

©Copyright. All rights reserved by CTTL.                            Page 23 of 72 
 

5.2.1 Maximum Tx power test results for n261 
This test was measured with LTE Band 5 and mmW Band n261 Beam ID 16, by following the 
detailed test procedure described in Section 3.3.1 
 
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 B5 and radiated Tx power for mmW NR 
n261 beam 16 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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\ Exposure ratio 
FCC requirement for total RF exposure (normalized) 1.0 
Max total normalized time-averaged RF exposure (green curve) 0.315 

Validated 

 
Plot notes: 
5G mmW NR call was established at ~0s time mark and 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 75.6% for mmW. From 

Table 5-1, this corresponds to a normalized 4cm2PD exposure value for Beam ID 16 of 

(75.6%*2.41 W/m2 )/(10 W/m2) = 18.22% ±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% * 0.523 W/kg)/(1.6 W/kg) 
= 32.7% +“+1.0dB~ -1.0dB” design related uncertainty. 
 
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. 
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5.2.2 Maximum Tx power test results for n260 
This test was measured with LTE Band 5 and mmW Band n260 Beam ID 16, by following the 
detailed test procedure described in Section 3.3.1 
 
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 B5 and radiated Tx power for mmW NR 
n260 beam 16 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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\ Exposure ratio 
FCC requirement for total RF exposure (normalized) 1.0 
Max total normalized time-averaged RF exposure (green curve) 0.323 

Validated 

 
Plot notes: 
5G mmW NR call was established at ~0s time mark and 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 75.6% for mmW. From 

Table 5-1, this corresponds to a normalized 4cm2PD exposure value for Beam ID 16 of 

(75.6%*3.08 W/m2) /(10 W/m2) = 23.28% ±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% * 0.523 W/kg)/(1.6 W/kg) 
= 32.7% +“+1.0dB~ -1.0dB” design related uncertainty. 
 
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. 
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5.2.3 Switch in SAR vs. PD exposure test results for n261 
This test was measured with LTE Band 5 and mmW Band n261 Beam ID 16, by following the 
detailed test procedure is described in Section 3.3.2. 
 
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 ~ 240s, and above 240s, 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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\ Exposure ratio 
FCC requirement for total RF exposure (normalized) 1.0 
Max total normalized time-averaged RF exposure (green curve) 0.305 

Validated 

 
Plot notes: 
5G mmW NR call was established at ~0s time mark and 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 75.6% for mmW. From 

Table 5-1, this corresponds to a normalized 4cm2PD exposure value for Beam ID 16 of 

(75.6%*2.41 W/m2 )/(10 W/m2) = 18.22% ±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% * 0.523 W/kg)/(1.6 W/kg) 
= 32.7% +“+1.0dB~ -1.0dB” design related uncertainty. 

 
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. 
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5.2.4 Switch in SAR vs. PD exposure test results for n260 
This test was measured with LTE Band 5 and mmW Band n260 Beam ID 16, by following the 
detailed test procedure is described in Section 3.3.2. 
 
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 ~ 240s, and above 240s, 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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\ Exposure ratio 
FCC requirement for total RF exposure (normalized) 1.0 
Max total normalized time-averaged RF exposure (green curve) 0.316 

Validated 

 
Plot notes: 
5G mmW NR call was established at ~0s time mark and 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 75.6% for mmW. From 

Table 5-1, this corresponds to a normalized 4cm2PD exposure value for Beam ID 16 of 

(75.6%*3.08 W/m2) /(10 W/m2) = 23.28% ±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% * 0.523 W/kg)/(1.6 W/kg) 
= 32.7% +“+1.0dB~ -1.0dB” design related uncertainty. 

 
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. 
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5.2.5 Change in Beam test results for n261 
This test was measured with LTE Band 5 and mmW Band n261, with beam switch from Beam ID 17 
to Beam ID 0, by following the test procedure is described in Section 3.3.3. 
 

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 17 and beam 0: 
 

 

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

time-averaged exposure versus time: 
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\ Exposure ratio 
FCC requirement for total RF exposure (normalized) 1.0 
Max total normalized time-averaged RF exposure (green curve) 0.566 

Validated 

 
Plot notes: 

5G mmW NR call was established at ~10s time mark and LTE was placed in all-down bits 
during the test. For this test, mmW exposure is the dominant contributor as LTE is left in all- 
down bits. Here, Smart Transmit feature allocates a maximum of 75.6% for mmW. From 
Table 8-1 exposure between 10s ~100s corresponds to a normalized 4cm2PD exposure 
value for Beam ID 17 of  (75.6%*3.17 W/m2 )/(10 W/m2) = 24% ±2.1dB device related 
uncertainty. At ~100s time mark (shown in black dotted ellipse), beam was switched to 
Beam ID 0 resulting in a normalized 4cm2PD exposure value of (75.6%*2.13 W/m2)/(10 
W/m2) = 16.1% ± 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 5-1, i.e., 4.77 dB ± 2.1dB device uncertainty. 
 
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 
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5.2.6 Change in Beam test results for n260 
This test was measured with LTE Band 5 and mmW Band n260, with beam switch from Beam ID 21 
to Beam ID 0, by following the test procedure is described in Section 3.3.3. 
 

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 21 and beam 0: 
 

 

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

time-averaged exposure versus time: 
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\ Exposure ratio 
FCC requirement for total RF exposure (normalized) 1.0 
Max total normalized time-averaged RF exposure (green curve) 0.273 

Validated 

 
Plot notes: 

5G mmW NR call was established at ~10s time mark and LTE was placed in all-down bits 
during the test. For this test, mmW exposure is the dominant contributor as LTE is left in all- 
down bits. Here, Smart Transmit feature allocates a maximum of 75.6% for mmW. From 
Table 5-1 exposure between 10s ~100s corresponds to a normalized 4cm2PD exposure 
value for Beam ID 21 of (75.6%*2.99 W/m2)/(10 W/m2) = 22.6% ± 2.1dB device related 
uncertainty. At ~100s time mark (shown in black dotted ellipse), beam was switched to 
Beam ID 0 resulting in a normalized 4cm2PD exposure value of (75.6%*2.48 W/m2)/(10 
W/m2) = 18.75% ± 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 8-1, i.e., 3.32 dB ± 1dB device uncertainty. 
 
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 
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6 PD Test Results for mmW Smart Transmit Feature 

Validation 

6.1 Measurement setup 

The measurement setup is similar to normal PD measurements, the EUT is positioned on 
cDASY6 platform, and is connected with the callbox (conducted for LTE and wirelessly for 
mmW). Keysight UXM callbox is set to request maximum mmW Tx power from EUT all the 
time. Hence, “path loss” calibration between callbox antenna and EUT is not needed in this 
test. The callbox’s LTE port is directly connected to the EUT’s RF port via a directional 
coupler to measure the EUT’s conducted Tx power using a Rohde & Schwarz NR8S power 
sensor. Additionally, EUT is connected to the PC via USB connection for toggling between 
FTM and online mode with Smart Transmit enabled following the test procedures described 
Section 4.4. 
Figure 6-1 shows the schematic of this measurement setup. 

 

 
Figure 6-1 PD measurement setup 

Both callbox and power meters are connected to the PC using USB cables. Test scripts are custom 
made for automation of establishing LTE + mmW call, and for conducted Tx power recording of LTE 
transmission. These tests are manually stopped after desired time duration. Once the mmW link is 
established, LTE Tx power is programmed to toggle between all-up and all-down bits on the callbox. 
For all the tests, the callbox is set to request maximum Tx power in mmW NR radio from EUT all the 
time. Therefore, the calibration for the path loss between the EUT and the horn antenna connected 
to the remote radio head of the callbox is not required. 
 
Power meter readings are periodically recorded every 10ms on NR8S power sensor for LTE 
conducted Tx power. Time-averaged E-field measurements are performed using EUmmWVx mmW 
probe at peak location of fast area scan. The distance between EUmmWVx mmW probe tip to EUT 
surface is ~0.5 mm, and the distance between EUmmWVx mmW probe sensor to probe tip is 1.5 
mm. cDASY6 records relative point E- 
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6.2 PD measurement results for maximum power transmission 

scenario 

The following configurations were measured by following the detailed test procedure 
is described in Section 4.4: 

1. LTE Band 5 and mmW Band n261 Beam ID 16 
2. LTE Band 5 and mmW Band n260 Beam ID 16 
 

The measured conducted Tx power of LTE and ratio of  of mmW is 
converted into 1gSAR and 4cm2PD value, respectively, using Eq. (4a) and (4b), rewritten below: 
 

 
 

 
 
NOTE: cDASY6 system measures relative E-field, and provides ratio of 

 versus time. 
 

The radio configurations tested are described in Table 4-1 and 4-2. The 1gSAR at 
Plimit for LTE Band 5, the measured 4cm2PD at input.power.limit of mmW n261 
beam 16, and n260 beam 16, are all listed in Table 5-1. 
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6.2.1 PD test results for n261 
Step 2.e plot (in Section 3.4) for normalized instantaneous and time-averaged 
exposures for LTE and mmW n261 beam 16: 

 

 
FCC limit for total RF exposure (normalized) 1.0 
Max total normalized time-averaged RF exposure (green curve) 0.512 

Validated 

 
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 75.6% for mmW. From Table 5-1, this corresponds to a 
normalized 4cm2PD exposure value for Beam ID 16 of (75.6*2.41W/m2)/(10 W/m2) = 
18.22% ± 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% 
* 0.523 W/kg)/(1.6 W/kg) = 32.69%+“+1.0dB~ -1.0dB” design related uncertainty. 
 

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. 
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6.2.2 PD test results for n260 
Step 2.e plot (in Section 3.4) for normalized instantaneous and time-averaged 
exposures for LTE and mmW n260 beam 16: 
 

 
FCC limit for total RF exposure (normalized) 1.0 
Max total normalized time-averaged RF exposure (green curve) 0.568 

Validated 

 
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 75.6% for mmW. From Table 5-1, this corresponds to a 
normalized 4cm2PD exposure value for Beam ID 16 of (75.6%*3.08W/m2)/(10 W/m2) 
=23.28% ± 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% 
* 0.523 W/kg)/(1.6 W/kg) = 32.69% +“+1.0dB~ -1.0dB” design related uncertainty. 
 

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. 
 
 
 



   
  

©Copyright. All rights reserved by CTTL.                            Page 39 of 72 
 

7 Conclusions 
Qualcomm Smart Transmit feature employed has been validated through the 
conducted/radiated power measurement, as well as SAR measurement 
As demonstrated in this report, the power limiting enforcement is effective and the 
total normalized time-averaged RF exposure does not exceed 1.0 for all the 
transmission scenarios described in Section 2. Therefore, the EUT complies with 
FCC RF exposure requirement 
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ANNEX A  System Verification and validation  

A.1 List of calibrated equipments 

Table A-1 provides the list of calibrated equipment for SAR measurement system verification. 

Table A-1 List of calibrated equipments 
No. 

Name Type 
Serial 
Number 

Calibration Date 
Valid 
Period 

01 Network analyzer E5071C MY46110673 January 14, 2021 One year 

02 Power meter NRP2 106277 

September 23，2021 One year 03 Power sensor NRP8S 104291 

04 Power sensor NRP8S 104292 

05 Signal Generator E4438C MY49070393 May 14, 2021 One Year 

06 Amplifier 60S1G4 0331848 No Calibration Requested 

07 EummWV Probe EummWV4 9492 May 20,2021 One year 

08 DAE SPEAG DAE4 777 January 08,2021 One year 

10 5G Verification Source 30 GHz 1077 December 02,2020 One year 

11 Thermo meter 608-H1 N/A June 15,2021 One year 

12 Power sensor NRP50S 101346 April 26, 2021 One year 

13 Dual directional coupler 10-67GHz 110067006 No Calibration Requested 

14 Dual directional coupler 10 GHz 02860 No Calibration Requested 
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A.2 PD Density system verification and validation 

Date 
Frequency 

(GHz) 

5G 
Verification 

Source 

Probe 
S/N 

Distance
(mm) 

Measured 
4cm^2 

(W/m^2) 

Targeted 
4cm^2 

(W/m^2) 

Deviation 
(db) 

2021/11/15 30G 30GHz_1077 9492 5.5 24.6 28.4 0.134 
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ANNEX B Calibration Certificate of Probe and Dipole 

Probe 9492 Calibration Certificate 
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ANNEX C Calibration Certificate of DAE
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ANNEX D  Test Laboratory 

D.1 Testing Location 
Company Name: CTTL(Shouxiang) 
Address: No. 51 Shouxiang Science Building, Xueyuan Road, Haidian District, 

Beijing, P. R. China100191 

D.2 Testing Environment 
Temperature: 18C~25C, 
Relative humidity: 30%~ 70% 
Ground system resistance: < 0.5  
Ambient noise & Reflection: < 0.012 W/kg 

D.3 Project Data 
Project Leader: Qi Dianyuan 
Test Engineer: Lin Xiaojun 
Testing Start Date: November 10, 2021 
Testing End Date: November 15, 2021 

D.4 Signature 

 
Lin Xiaojun 

(Prepared this test report) 

 
Qi Dianyuan 

 (Reviewed this test report) 

 

Lu Bingsong 
Deputy Director of the laboratory 

(Approved this test report) 
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ANNEX E  Transmit Antenna 
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ANNEX F  Accreditation Certificate 

 
 

 


