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1 D E V I C E  U N D E R  T E S T  

1.1 Device Overview 
This device is categorized as a desktop transmitter under 2.1091(d) and an MPE report has been filed for this 
device. Per FCC Guidance, distances under 20 cm were additionally tested for power density to determine a 
minimum distance for compliance per 2.1091(d)(4) to supplement the MPE evaluation. It was determined that 
separation of at least 14 cm is needed to ensure RF Exposure compliance.  
 

Band & Mode Operating Modes Tx Frequency 
5G mmWave Data 27500 – 28350 MHz 
Bluetooth LE Data 2402 – 2480 MHz 

 

1.2 DUT Antenna Arrays  
This device uses directional antennas to achieve high-bandwidth communication. It has two cross-polarized 
antenna arrays (denoted Antenna A and Antenna B) where each array consists of 32 radiating elements. The 32 
elements cannot be controlled individually but are rather controlled by a set of pre-programmed manufacturer’s 
Beam IDs. Each antenna array can be configured to a beam ID based on the best signal given the environmental 
conditions.  
 
The front side of the DUT was evaluated since the maximum energy is directed from this side.  
 
A diagram showing the location of the device antennas can be found in Appendix D. 
 

1.3 Simultaneous Transmission Capabilities 
This device contains two antenna arrays operating simultaneously, and therefore, additional analysis was 
performed to evaluate the cases where the exposure from beams from each antenna array may overlap. Several 
beam configurations were identified based on distances between the beam centers and the estimated MPE for 
each configuration. The two antenna arrays do not transmit coherently. 
 
This device also supports Bluetooth LE, which can transmit simultaneously with the two mmWave antenna arrays. 
Due to the maximum allowed output power of the Bluetooth LE transmitter, no additional evaluation was required 
to confirm that simultaneous transmission cases with mmWave would remain compliant to the RF Exposure 
Limits, per FCC Guidance.   

1.4 Guidance Applied 
• November 2017 TCBC Workshop Notes 
• SPEAG Application Note – 5G Compliance Testing with DASY6 (5G Module V1.0) 
• IEC Draft TR 63170 
• FCC KDB 865664 D02 v01r04 
• FCC KDB 447498 D01 v02r01 
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2 R F  E X P O S U R E  L I M I T S  F O R  P O W E R  D E N S I T Y  

2.1 Uncontrolled Environment 
 
UNCONTROLLED ENVIRONMENTS are defined as locations where there is the exposure of individuals who 
have no knowledge or control of their exposure.  The general population/uncontrolled exposure limits are 
applicable to situations in which the general public may be exposed or in which persons who are exposed as a 
consequence of their employment may not be made fully aware of the potential for exposure or cannot exercise 
control over their exposure.  Members of the general public would come under this category when exposure is not 
employment-related; for example, in the case of a wireless transmitter that exposes persons in its vicinity.   

2.2 Controlled Environment 
CONTROLLED ENVIRONMENTS are defined as locations where there is exposure that may be incurred by 
persons who are aware of the potential for exposure, (i.e. as a result of employment or occupation).  In general, 
occupational/controlled exposure limits are applicable to situations in which persons are exposed as a 
consequence of their employment, who have been made fully aware of the potential for exposure and can 
exercise control over their exposure.  This exposure category is also applicable when the exposure is of a 
transient nature due to incidental passage through a location where the exposure levels may be higher than the 
general population/uncontrolled limits, but the exposed person is fully aware of the potential for exposure and can 
exercise control over his or her exposure by leaving the area or by some other appropriate means. 
 

2.3 RF Exposure Limits for Frequencies Above 6 GHz 
 
Per §1.1310, (d)(3), the MPE limits are applied for frequencies above 6 GHz. Power Density is expressed in units 
of W/m2 or mW/cm2. 
 
Power density was spatially averaged over a circular area of 1 cm2 per interim FCC Guidance for near-field power 
density evaluations.  
 
 

Table 2-1  
Human Exposure Limits Specified in FCC 47 CFR §1.1310 

Human Exposure to Radiofrequency (RF) Radiation Limits 

Frequency Range   
[MHz] 

Power Density  
[mW/cm2] 

Average Time  
[Minutes] 

(A) Limits For Occupational / Controlled Environments (f = frequency) 
1,500 – 100,000 5.0 6 

(B) Limits For General Population / Uncontrolled Environments (f = frequency) 
1,500 – 100,000 1.0 30 

 
Note: 1.0 mW/cm2 is 10 W/m2 
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3 M E A S U R E M E N T  S Y S T E M   

3.1 Measurement Setup  
Power Density measurements for mmWave operations were performed using the cDASY6 5G module. The 
DASY6 is made by Schmid & Partner Engineering AG (SPEAG) in Zurich, Switzerland and consists of a high 
precision robotics system (Staubli), robot controller, desktop computer, near-field probe, probe alignment sensor, 
and the 5G phantom. The robot is a six-axis industrial robot, performing precise movements to position the probe 
to the location (points) of maximum electromagnetic field (EMF). 
 
A cell controller system contains the power supply, robot controller, teach pendant (Joystick), and a remote 
control used to drive the robot motors.  The PC consists of the cDASY6 5G Measurement Software, A/D interface 
card, monitor, mouse, and keyboard.  The Staubli Robot is connected to the cell controller to allow software 
manipulation of the robot.  A data acquisition electronic (DAE) circuit that performs the signal amplification, signal 
multiplexing, A/D conversion, offset measurements, etc. is connected to the Electro-optical coupler (EOC).  The 
EOC performs the conversion from the optical into digital electric signal from the DAE and transfers data to the 
PC card. 
 
The DAE consists of a highly sensitive electrometer-grade auto-zeroing preamplifier, a channel and gain-
switching multiplexer, a fast 16 bit AD-converter and a command decoder and control logic unit.  Transmission to 
the PC-card is accomplished through an optical downlink for data and status information and an optical uplink for 
commands and clock lines. The mechanical probe mounting device includes two different sensor systems for 
frontal and sidewise probe contacts.  They are also used for mechanical surface detection and probe collision 
detection. The robot uses its own controller with a built in VME-bus computer.  

3.2 SPEAG EUmmWV2 Probe / E-Field 5G Probe  
The EUmmWV2 probe consists of two dipoles optimally arranged to obtain pseudo-vector information.  
 

Frequency Range 750 MHz – 110 GHz 

Dynamic Range < 20 V/m – 10,000 V/m with PRE-10 (min < 50 V/m – 3,000 V/m) 

Position Precision  < 0.2 mm (DASY6) 

Dimensions Overall length: 337 mm (tip: 20 mm) 
Tip diameter: encapsulation 8 mm (internal sensor < 1mm) 
Distance from probe tip to dipole centers: < 2 mm 
Sensor displacement to probe's calibration point: < 0.3 mm 

Applications E-field measurements of 5G devices and other mm-wave transmitters 
operating above 10GHz in < 2 mm distance from device (free-space) 
Power density, H-field and far-field analysis using total field reconstruction  

Compatibility cDASY6 + 5G-Module SW1.0 
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Figure 3-1  

EUmmWV2 Probe 
 

3.3 Power Density Assessment Based on E-field Measurements 
 
Within a short distance from the transmitting source, power density is determined based on both electric and 
magnetic fields. Generally, the magnitude and phase of two components of either the E-field or H-field are needed 
on a sufficiently large surface to fully characterize the total E-field and H-field distributions. Nevertheless, 
solutions based on direct measurement of E-field and H-field can be used to compute power density. The general 
measurement approach used for this device is summarized here: 
 

a) Measure the local E field on the measurement surface at a reference location where the field is well 
above the noise level. This reference level will be used at the end of this procedure to assess output 
power drift of the DUT during the measurement. 
 

b) Scan the electric field on the measurement surface. Measurements are conducted according to the 
instructions provided by the measurement system manufacturer.  
 

c) Measurement spatial resolution can depend on the measured field characteristic and measurement 
methodology used by the system. Planar scanners typically require a step size of less than λ/2.  
 

d) For this measurement system, H- field is calculated from the measured field using a reconstruction 
algorithm. As the power density calculation requires knowledge of both amplitude and phase, 
reconstruction algorithms can also be used to obtain field information from the measured E-field data 
(e.g. the phase from the amplitude if only the amplitude is measured). H-field and phase data was 
reconstructed from repeated measurements (three per measurement point) on two measurement 
planes separated by  λ/4. 
 

e) The spatial-average power density distribution on the evaluation surface is determined per the IEC 
Draft TR 63170. The spatial averaging area, A, is specified by the applicable exposure limits or 
regulatory requirements. A circular shape was used. 
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f) The maximum spatial-average and/or local power density on the evaluation surface is the final quantity 
to determine compliance against applicable limits.  
 

3.4 Reconstruction Algorithm    
 
Computation of the power density in general requires knowledge of the electric (E-) and magnetic (H-) field 
amplitudes and phases in the plane of incidence. Reconstruction of these quantities from pseudo-vector E-field 
measurements is feasible, as they are constrained by Maxwell's equations. As such, the SPEAG reconstruction 
approach was based on the Gerchberg-Saxton algorithm, which benefits from the availability of the E-field 
polarization ellipse information obtained with the EUmmWV2 probe. 
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4 S Y S T E M  C H E C K  

4.1 Test System Verification 
System check was performed before each series of continuous measurement and at least weekly.  
 
The system was verified to ±10% of the power density targets according to the calibration facility measurements 
on the reference verification source. 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 4-1  
System Check Results  

 
 

Note: The 10 mm distance from includes a 4.5 mm separation from the horn aperture to surface of the verification 
source. Therefore, the evaluation distance in the software was configured as “5.5 mm”.  

 
 

 
Figure 4-1  

System Verification Setup Photo 
  

 
 

30 03/12/2018 1002 9364 1.0 10.0 109.0 104.0 4.81%

30 03/29/2018 1002 9364 1.0 10.0 105.0 104.0 0.96%

System Verification

TARGET & MEASURED 

Source 
SN

Probe  
SN

Frequency 
(GHz) Date:

Averaging 
Area 
(cm2)

Distance 
(mm)

Measured 
Power Density 

(W/m2)

Deviation
 (%)

Target 
Power Density 

(W/m2)
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5 P O W E R  D E N S I T Y  D A T A  S U M M A R Y  

5.1 Measurement Software Test Configuration 
Table 5-1 

Measurement Settings 

 
 

5.2 Power Density Results for 0° Boresight Beams (Standalone)  
Table 5-2 

Boresight Condition Results for Antenna A and Antenna B 

 
 

5.3 Power Density Results for Overlapping Beam Conditions (Simultaneous) 
Table 5-3 

Results for Antenna A and Antenna B Configurations with Overlapping Beams  

 
  

Software cDASY6 5G Module
Software Version V1.0.0.12565
Averaging Area 1 cm2

Averaging Shape Circular 
Evaluation Distance 140 mm
Measured Planes 140 mm, 140 mm + λ/4 mm
Tx Frequency 27900 MHz
X, Y Scan Resolution dx, dy = λ/4 mm
X-Y Scan Extents 162 mm x 162 mm

MEASUREMENT RESULTS 
Measured S 

(1cm2) S (1cm2)

MHz (W/m2) (W/m2)

27900 Low A 0 - 1 0054 QPSK 140 mm Front 1.0 31.3 82.3% 18.9% 0.230 7.199 A1

27900 Low B - 0 1 0054 QPSK 140mm Front 1.0 29.0 82.3% 18.9% 0.230 6.670 A2

47 CFR §1.1310 - SAFETY LIMIT Power Density (S)
Spatial-Average 10 W/m2

Uncontrolled Exposure/General Population averaged over 1 cm2

Scaling Factor 
Due to Duty 

Cycle
Plot #

Ch.

Test Duty 
Cycle

Production 
Duty Cycle

Evaluation 
Distance Side

Averaging 
Area 
(cm2)

Active 
Component 

Carriers

Device 
Serial 

Number
Modulation

FREQUENCY Antenna 
Configuration

Ant A Beam 
ID 

Ant B Beam 
ID 

MEASUREMENT RESULTS 
Measured S 

(1cm2) S (1cm2)

MHz (W/m2) (W/m2)

27900 Low A + B 0 39 1 0054 QPSK 140 mm Front 1.0 42.5 82.3% 18.9% 0.230 9.775 A3

27900 Low A + B 78 0 1 0054 QPSK  140 mm Front 1.0 42.2 82.3% 18.9% 0.230 9.706 A4

47 CFR §1.1310 - SAFETY LIMIT Power Density (S)
Spatial-Average 10 W/m2

Uncontrolled Exposure/General Population averaged over 1 cm2

Averaging 
Area 
(cm2)

Scaling Factor 
Due to Duty 

Cycle
Plot #Side

Active 
Component 

Carriers

Test Duty 
Cycle

Production 
Duty Cycle

Device 
Serial 

Number
Modulation Evaluation 

Distance
FREQUENCY Ant B Beam 

ID 
Ch.

Ant A Beam 
ID 

Antenna 
Configuration
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5.4 Power Density Test Notes 
1. The manufacturer has confirmed that the device tested have the same physical, mechanical and thermal 

characteristics and are within operational tolerances expected for production units.  
2. Power density was calculated by repeated E-field measurements on two measurement planes separated 

by λ/4. Please see Section 3.3 for more details of the evaluation process.  
3. For the boresight condition, Beam ID=0 was evaluation for each antenna independently. The antenna 

arrays are highly directional and all other beam ID configurations result in lower EIRP. Therefore, 
additional evaluations of other beam configurations were not considered. 

4. For simultaneous transmission analysis, two cases were identified as possible worst-case combinations 
based on the distance between the beam centers and estimated MPE. All possible beam combinations 
were considered for distances between 14 cm and 20 cm. The beam configurations that minimized the 
distance between the centers of the beams (at the evaluation plane) and maximized the estimated MPE 
were selected for evaluation. These cases selected were:  

a. Antenna A with Beam ID = 0 and Antenna B with Beam ID = 39  
b. Antenna A with Beam ID = 78 and Antenna B with Beam ID =  0 

5. DUT was configured to transmit with a manufacturer provided test software. Transmission of a specific 
antenna(s) and Beam ID(s) was established and remained constant for the entire evaluation. Per FCC 
Guidance, the device was configured to the signal configuration (channel, modulation, component 
carriers, etc) that gave the highest EIRP.  

6. The 5G mmWave operates with a radio frame length of 10ms (50 subframes per 10ms frame) and this 
device operates using an approximate 4:1 Tx ratio (1 Tx for every 4 Rx). The ratio is fixed and cannot be 
changed by the end user. Within each 10ms frame there are 700 symbols, of which 568 symbols are 
downlink (AU) and the remaining 132 symbols are uplink (CPE). Thus, the exact Tx duty is 132/700 = 
18.9% for the CPE.  

7. Power density results were scaled down from the test software duty cycle to the final duty cycle to 
demonstrate compliance. The test Duty cycle was 82.3% to facilitate test measurements only. It was 
confirmed by the manufacturer that the device was not over driven at this test duty cycle, to facilitate 
linear scaling in the test report. 

8. It was confirmed that fields at the measurement region boundary were greater than 20 dB below the 
peaks. The antenna array locations on the CPE were marked and each scan was centered over the 
relevant antenna array.  

9. Based on the current methodology proposed in IEC TR 63170 Draft, power density was evaluated solely 
in the normal direction of the Poynting vector. At a far distance of 14 cm from the device under test, it is 
assumed that there would not be a significant underestimation in power density assessed in the normal 
direction compared with the total surface integral of the vector. The power density measurement agrees 
closely with the MPE analysis at this distance to support this assumption to justify the evaluation based 
on the IEC TR 631170 draft. 

10. Based on the power density evaluations per 2.1091(d)(4), the minimum distance to ensure 
compliance was determined to be 14 cm.   
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6 E Q U I P M E N T  L I S T  

 
 

 
 
 

Manufacturer Model Description Cal Date Cal Interval Cal Due Serial Number 
- WL25-1 Conducted Cable Set (25GHz) 6/14/2017 Annual 6/14/2018 WL25-1 
- WL40-1 Conducted Cable Set (40GHz) 6/14/2017 Annual 6/14/2018 WL40-1 

Agilent E4448A PSA (3Hz-50GHz) Spectrum Analyzer 5/5/2017 Annual 5/5/2018 US42510244 
Agilent N9038A MXE EMI Receiver 4/26/2017 Annual 4/26/2018 MY51210133 
Emco 3116 Horn Antenna (18 - 40GHz) 4/27/2015 Triennial 4/27/2018 9203-2178 
EMCO 3160-10 Small Horn (26.5 - 40GHz) 8/23/2016 Biennial 8/23/2018 130993
Espec ESX-2CA Environmental Chamber 4/11/2017 Annual 4/11/2018 17620
Espec SCP-220 Controller 4/11/2017 Annual 4/11/2018 OCPS5H06121505 

Huber+Suhner Sucoflex 102A 40GHz Radiated Cable 5/19/2017 Annual 5/19/2018 251425001
OML M08RH Horn Antenna + Multiplier Source Module 11/16/2017 Annual 11/16/2018 17111701
OML M12RH Horn Antenna + Multiplier Source Module 11/16/2017 Annual 11/16/2018 17111701
OML M19RH Horn Antenna + Multiplier Source Module 11/16/2017 Annual 11/16/2018 17111701

Rohde & Schwarz SFUNIT-Rx Shielded Filter Unit 7/3/2017 Annual 7/3/2018 102133
Rohde & Schwarz TS-PR40 26.5-40 GHz Pre-Amplifier 5/11/2017 Annual 5/11/2018 100037
Rohde & Schwarz FSW67 Signal / Spectrum Analyzer 8/11/2017 Annual 8/11/2018 103200

SPEAG EUmmWV2 E-field probe 4/20/2017 Annual 4/20/2018 9364
SPEAG 5G Verification Source 30GHz 30GHz System Verification Antenna 1/8/2018 Annual 1/8/2019 1002
SPEAG DAE4 Dasy Data Acquisition Electronics 6/21/2017 Annual 6/21/2018 1333

Sunol Sciences JB6 JB6 Antenna 9/27/2016 Biennial 9/27/2018 A082816 
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7 C O N C L U S I O N  

7.1 Measurement Conclusion 
The power density measurements are supplemental to the MPE calculations and they indicate that the DUT 
complies with the RF radiation exposure limits of the FCC, 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 RF Exposure 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. 
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A1 
 

PCTEST ENGINEERING LABORATORY, INC. 

DUT: A3LSFG-D0100; Type: Indoor Customer Premise Equipment (CPE); Serial: 0054 

Test Date: 03-14-2018 

Communication System: UID 0  

Probe: EUmmWV2 – SN9364; Calibrated: 4/20/2017;  

Measured Planes: 140mm, 140 mm + λ/4 

 Electronics: DAE4 Sn1333; Calibrated: 6/21/2017 

 Phantom: 5G Phantom V0.1 

Measurement SW:  cDASY6 5G Module V1.0.0.12565 

 

Mode: 27900 MHz mmWave, QPSK, 1 CC, Ant A, Beam ID = 0, Front Side  

Measurement Area: x=162.0 mm, y=162.0 mm 

Grid Resolution: dx = λ/4, dy = λ/4 

Reference Value = 108.1 V/m; Power Drift = -0.18 dB 

S (1 cm2) = 31.3 W/m2 

 



A2 
 

PCTEST ENGINEERING LABORATORY, INC. 

DUT: A3LSFG-D0100; Type: Indoor Customer Premise Equipment (CPE); Serial: 0054 

Test Date: 03-29-2018 

Communication System: UID 0 

Probe: EUmmWV2 – SN9364; Calibrated: 4/20/2017;  

Measured Planes: 140mm, 140 mm + λ/4 

 Electronics: DAE4 Sn1333; Calibrated: 6/21/2017 

 Phantom: 5G Phantom V0.1 

Measurement SW:  cDASY6 5G Module V1.0.0.12565 

 

Mode: 27900 MHz mmWave, QPSK, 1 CC, Ant B, Beam ID = 0, Front Side  

Measurement Area: x=162.0 mm, y=162.0 mm 

Grid Resolution: dx = λ/4, dy = λ/4 

Reference Value = 103.0 V/m; Power Drift = 0.14 dB 

S (1 cm2) = 29.0 W/m2 

 

  



A3 
 

PCTEST ENGINEERING LABORATORY, INC. 

DUT: A3LSFG-D0100; Type: Indoor Customer Premise Equipment (CPE); Serial: 0054 

Test Date: 04-01-2018 

Communication System: UID 0 

Probe: EUmmWV2 – SN9364; Calibrated: 4/20/2017;  

Measured Planes: 140mm, 140 mm + λ/4 

 Electronics: DAE4 Sn1333; Calibrated: 6/21/2017 

 Phantom: 5G Phantom V0.1 

Measurement SW:  cDASY6 5G Module V1.0.0.12565 

 

Mode: 27900 MHz mmWave, QPSK, 1 CC, Ant A Beam ID = 0, Ant B Beam ID = 39,  

Front Side  

Measurement Area: x=162.0 mm, y=162.0 mm 

Grid Resolution: dx = λ/4, dy = λ/4 

Reference Value = 123.2 V/m; Power Drift = 0.06 dB 

S (1 cm2) = 42.5 W/m2 

  



A4 
 

PCTEST ENGINEERING LABORATORY, INC. 

DUT: A3LSFG-D0100; Type: Indoor Customer Premise Equipment (CPE); Serial: 0054 

Test Date: 04-02-2018 

Communication System: UID 0 

Probe: EUmmWV2 – SN9364; Calibrated: 4/20/2017;  

Measured Planes: 140mm, 140 mm + λ/4 

 Electronics: DAE4 Sn1333; Calibrated: 6/21/2017 

 Phantom: 5G Phantom V0.1 

Measurement SW:  cDASY6 5G Module V1.0.0.12565 

 

Mode: 27900 MHz mmWave, QPSK, 1 CC, Ant A Beam ID = 78, Ant B Beam ID = 0,  

Front Side  

Measurement Area: x=162.0 mm, y=162.0 mm 

Grid Resolution: dx = λ/4, dy = λ/4 

Reference Value = 134.1 V/m; Power Drift = -0.16 dB 

S (1 cm2) = 42.2 W/m2 

 



B1 
 

PCTEST ENGINEERING LABORATORY, INC. 

DUT: SPEAG Verification Source; Type: 30 GHz, Serial: 1002 

Test Date: 03-12-2018 

Communication System: UID 0  

Probe: EUmmWV2 – SN9364; Calibrated: 4/20/2017;  

Measured Planes: 5.5 mm, 5.5 mm + λ/4 

 Electronics: DAE4 Sn1333; Calibrated: 6/21/2017 

 Phantom: 5G Phantom V0.1 

Measurement SW:  cDASY6 5G Module V1.0.0.12565 

30000 MHz System Check  

Measurement Area: x=60.0 mm, y=60.0 mm 

Grid Resolution: dx = λ/4, dy = λ/4 

S (1 cm2) = 109.0 W/m2 

Deviation = 4.81% 

 

  



B2 
 

PCTEST ENGINEERING LABORATORY, INC. 

DUT: SPEAG Verification Source; Type: 30 GHz, Serial: 1002 

Test Date: 03-29-2018 

Communication System: UID 0 

Probe: EUmmWV2 – SN9364; Calibrated: 4/20/2017;  

Measured Planes: 5.5 mm, 5.5 mm + λ/4 

 Electronics: DAE4 Sn1333; Calibrated: 6/21/2017 

 Phantom: 5G Phantom V0.1 

Measurement SW:  cDASY6 5G Module V1.0.0.12565 

30000 MHz System Check  

Measurement Area: x=60.0 mm, y=60.0 mm 

Grid Resolution: dx = λ/4, dy = λ/4 

S (1 cm2) = 105.0 W/m2 

Deviation = 0.96% 

 
































































