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FieldFox Microwave Analyzers 
5G gNB Field Test Solution 

5G NR Technology Trends 
5G technologies provide dramatic network speed improvement and superfast 
connection time. 5G New Radio (NR) is the 3rd Generation Partnership Project 
(3GPP) standard for the wireless network running on the sub-7.125 GHz 
frequency band (FR1) and above 24.250 GHz on the millimeter-wave (mmWave) 
frequency band (FR2). 5G offers gigabit per second data rates.  

5G networks use wider bandwidths, higher operating frequencies, and active 
antenna systems, such as phased array antennas. The key challenges for 5G 
network deployment are characterizing air interface path loss, optimizing beam 
coverage, and mitigating interference issues.  

Keysight’s 5G gNodeB (gNB) field test solution, based on the FieldFox 
microwave analyzer, provides a complete toolkit for radio frequency (RF) 
engineers and technicians to install and troubleshoot 5G networks. This solution 
can verify hardware gNB performance, such as cable and antenna conditions, 
transmit power, control channel power, and RF spurious responses. It can also 
verify signal quality over the air, including multipath synchronization signal 
information and coverage area path loss, as well as identify and troubleshoot 
interference issues. 

 

  

 
5G gNB field test 
solution benefits 
include: 

• wide frequency 
coverage for both 
FR1 and FR2 

• all key physical layer 
tests in one box 

• battery-powered and 
IP53 design test of 
5G gNBs under all 
conditions 
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5G coverage testing with FieldFox 
5G networks use beamforming and massive multiple-input/multiple-output (MIMO) to achieve high data 
rates. Beam steering of the synchronization signal blocks (SSBs) allows the base station antenna to steer 
beams in specific directions and target different users (Figure 1). Unlike Long Term Evolution (LTE) 
network synchronization signals, 5G SSBs are not always “on”, making it challenging to determine the 
location of the 5G signal. 

 

Figure 1. Each SSB represents a different beam and angle, otherwise known as the beam index 
 

Detect 5G synchronization signals and interference with RTSA 
Real-time spectrum analysis (RTSA) mode on the FieldFox analyzer can quickly and reliably detect 5G 
signals and the location of the SSBs (Figures 2 through 5). In LTE networks, the synchronization signals 
are always located at the carrier center frequency. In 5G networks, the SSBs can be offset from the carrier 
center frequency. In addition, RTSA can provide insight into beamforming performance and identify 
interference issues. FieldFox supports up to 100 MHz of real-time bandwidth with gap-free data capture 
that can detect pulses as narrow as 5.52 µs with a 100% probability of intercept (POI). When paired with a 
phased array antenna, FieldFox in RTSA mode facilitates cell search and displays beam-sweeping SSBs. 
This view includes the primary, secondary, and extended synchronization signals in the control channel. 
From this display, you can see any interfering or transient signals and measure beam performance. 

 

 

 
 

  

Figure 2. RTSA density display detects beam-
sweeping 5G SSBs when paired with a 
phased array antenna 

SSBs offset from 
carrier center 

frequency 

Figure 3. RTSA spectrogram view shows 5G 
SSBs offset from carrier center frequency 



 

Find us at www.keysight.com          Page 3 
  

 

 

 

 

 

 

 

 

 

The rollout of 5G and an ever-increasing number of wireless technologies introduce many opportunities 
for interference. 5G base stations, for instance, can create interfering signals for nearby satellite ground 
stations. Some of those satellite ground stations may be responsible for emergency radio 
communications. Interfering with such critical communications could cause a disaster. That is why 
identifying interfering signals in the field when developing and deploying 5G networks is crucial.  

Additionally, adjacent cells can cause interference. If the data channels are interfering, the speeds at 
which these signals travel are too fast for the interference to impact network performance. However, 
interference in the SSBs can bring down the whole cell site. Proper SSB transmissions are essential for 
field deployment. Having in your field kit a solution that can capture interference signals and visualize 
SSBs facilitates your 5G transformation. 

5G NR OTA measurements  
When a 5G NR base station sweeps SSBs over time, each beam has an assigned index number known 
as the beam index. Each SSB represents a specific beam that radiates in a certain direction. Cell phones 
detect various SSBs from different towers and measure them to determine which is the strongest. Once 
the cell phone pinpoints the SSB with the most signal strength, it connects using that beam.  

When transitioning to 5G, operators must verify the quality of their network and beam performance so that 
users can connect without issues. You need in your field kit a solution capable of reading and displaying 
important metrics from several base stations in the vicinity for this verification work. Keysight’s 
N991xB/N993xB FieldFox with 100 MHz of bandwidth can capture and demodulate over-the-air (OTA) 
transmissions of 5G NR FR1 and FR2 control channels. FieldFox provides key performance indicators, 
including physical cell ID, received power levels, and beam index information. From this information, 
users can identify any frequency drifting, isolate power issues, and investigate performance problems.  

  

Figure 4. Easily visualize 5G SSBs and offset 
from carrier center frequency 

Figure 5. RTSA spectrogram view with time 
marker feature can measure the time interval 
between SSBs 

SSBs SSBs 

5 ms 
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Successful measurements depend on verifying that the B model FieldFox analyzer has the following 
software licenses: 

• Option 233: spectrum analyzer mode on N991xB combo models, standard option on N993xB 
spectrum analyzer 

• Option B10: 100 MHz bandwidth 
• Option 235: preamplifier 
• Option 378: 5G NR OTA 
• Option 307: GNSS/GPS 
• Option 350: RTSA (recommended) 

The 5G NR error vector magnitude (EVM) conducted feature can test EVM performance and detect SSB 
offset from the carrier center frequency and subcarrier spacing (Figures 6 and 7). You can export these 
results to the 5G NR OTA measurement setup. This feature requires that you connect the FieldFox 
directly to the base station transmitter or place it close enough to the transmitter for the received power 
level to be sufficient to give accurate EVM results. 

 

 

  

Figure 6. 5G NR OTA FR1 measurement 
showing eight physical cell identifiers, received 
power levels, and beam index information 

Figure 7. 5G NR EVM conducted feature tests 
EVM performance and detects SSB offset 
from carrier center frequency 

Figure 8. NSA mode involves handoffs between 5G and LTE networks 
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Using both 5G NR and LTE frequency division duplex (FDD) OTA modes allows you to verify inter-RAT 
handovers between 4G and 5G networks in non-standalone (NSA) mode (Figure 8). These 
measurements are imperative for optimizing network coverage for 5G. They help you determine 5G 
coverage versus LTE coverage in a particular area. Having that information can help you engineer the 
LTE network to provide backup when there is not adequate 5G coverage. 
 

Component carrier power measurements 
FieldFox can perform OTA component carrier power 
measurements in Channel Scanner mode (Figure 9). This 
mode offers a simple way to measure power levels from 
different LTE and 5G base stations in a single measurement. 
FieldFox can monitor up to 20 channels, with customizable 
frequency and integration bandwidth settings for each 
channel. Using the built-in GPS receiver, you can measure 
channel power versus location or channel power versus 
time, then log that data with geotagging. 
 

5G mmWave path loss characterization  
Many circumstances affect mmWave coverage — rain, 
foliage, free space, buildings, mountains, distance, and 
more. These conditions cause an electromagnetic wave to 
lose power density as it propagates through space. The loss 
in power density is known as path loss. Understanding the 
path loss of a telecommunications system is critical for 
determining the link budget of that system. Since path loss 
plays a significant role in establishing a link budget, it is 
imperative to have test equipment capable of making path 
loss measurements in the field.  

Path loss measurements for mmWave are made over the air 
via a radio link. Verifying 5G base station coverage and path 
loss performance requires one FieldFox unit used as a 
receiver to measure signal power level in spectrum analyzer 
or RTSA mode (Figure 10). A second FieldFox unit acts as 
the base station transmitter if no base station is present. 
Every FieldFox has a built-in continuous waveform (CW) 
generator capable of generating frequencies between  
300 kHz and 50 GHz. You may add an amplifier, which  
the FieldFox can power on its own, if needed. 

 

  

Figure 9. 5G NR FR2 power measurements 
captured using Channel Scanner mode for 
coverage test optimization 

Figure 10. 50 GHz FieldFox connected to a 
horn antenna acts as a receiver to measure 
5G base station path loss 
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gNB coverage test with phased array antenna solution 
Since 5G uses MIMO, beamforming, and beam-sweeping technology to reach users, omnidirectional 
antennas are not feasible (Figure 11). Instead, the antennas of receiving mobile phones and transmitting 
base stations are phased array antennas. Coverage testing of 5G base stations requires a spectrum 
analyzer or scanning receiver equipped with a phased array antenna. Additionally, because of the nature of 
beamforming, just logging geolocation points is not enough. RF engineers must collect signal power data 
from the gNB across azimuth and elevation. 

To perform gNB coverage tests, FieldFox integrates with an 8x8 phased array antenna (Figure 12). The 
antenna serves as an RF probe while FieldFox controls the measuring beam. FieldFox sweeps the beam 
from 0 to 120 degrees in azimuth and 0 to 90 degrees in elevation. It then captures and logs three data 
points: azimuth, elevation, and amplitude. The built-in GPS receiver also records geolocation information. 

FieldFox can generate a heat map display to show two-dimensional coverage of azimuth versus elevation 
(Figure 13). It can also display the polar antenna pattern to understand the beam characteristics of the gNB 
phased array antennas (Figure 14) or perform a boresight scan to verify antenna performance (Figure 15). 

  

Figure 12. FieldFox and phased array antenna setup 

Figure 11. Depiction of 5G NR beamforming and beam 
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Extending frequency coverage for 5G NR FR2 
For 5G to become a reality, the 5G networks will support wider bandwidths and higher operating 
frequencies on the allocated frequency spectrum (Figure 16). One of the key elements in 5G is moving to 
mmWave frequencies because the 30 or 40 GHz bands provide enough available spectrum to easily 
transmit 1 GHz or even wider bandwidths. There can be multiple 5G carriers aggregated together, each 
with 100 MHz of bandwidth, for example. This aggregation results in much better throughput that can 
deliver gigabyte Ethernet experience, the most critical technology deployed for 5G, to the end user. 

 

 

FieldFox B-Series analyzers are the optimal OTA field-test tool for 5G NR SSB demodulation analysis 
supporting 100 MHz of bandwidth. The analyzers have a maximum frequency of 26.5 GHz. FR2 
frequencies above 26.5 GHz require an external mixer to downconvert mmWave frequency to 
intermediate frequency (IF). OML frequency extender support for 5G NR FR2 frequencies on the FieldFox 
B-Series models requires spectrum analyzer mode (Option 233 on combination models) and 100 MHz 
analysis bandwidth (Option B10). Also, we recommend adding GPS receiver capability (Option 307) and 
an internal preamplifier (Option 235). You can order the mixer directly from Keysight (model number 
N9910XM28-H2A). You can also order the mixer from Keysight distributors. The OML Inc. model number 
is M28H2ADC-K. For more information, please visit OML’s website at www.omlinc.com or contact a 
Keysight representative. The OML mixer RF input interface is 2.92 mm (f). The N9916/17/18B and 
N9936/37/38B FieldFox models support the OML mixer for the 5G NR OTA FR2 solution (Figure 17). 

  

Figure 13. 2D scan heat map 
(azimuth vs. elevation) 

Figure 14. Polar antenna pattern 
to image map 

Figure 15. Boresight scan 

Figure 16. 5G NR spectrum bands/types 

http://www.omlinc.com/
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Figure 17. OML external mixer diagram 
 

Indoor and outdoor mapping 
To verify network coverage or identify interference in a 
particular area, you need to combine receiver measurements 
with GPS location tags or use indoor markers. FieldFox can 
import maps from OpenStreetMap (OSM) for data collection 
and mapping to the FieldFox instrument display (Figure 18). 
The FieldFox indoor and outdoor mapping feature resides at the 
system level. You can use this feature in the following modes:  

• channel scanner 
• phased array antenna support  
• OTA LTE FDD  
• OTA 5GTF  
• OTA 5G NR  

You can save maps to the FieldFox internal memory, SD card, 
or USB drive via a direct wired LAN connection. Alternatively, 
you can download OSM maps and save them in FieldFox using 
the FieldFox Map Support Tool (Figure 19). 

Figure 18. Outdoor map of LTE OTA 
synced with GPS 

Figure 19. Imported indoor site map 
PNG file 

OML mixer RF input 24 to 40 GHz 2.92 mm (f) 

OML mixer DC +5V SMB (m) to 
FieldFox USB port +5V 

OML mixer IF output (port 2) SMA (f) to 
FieldFox RF input (port 2) 3.5 mm (m) 

OML mixer LO input (port 1) SMA (f) to 
FieldFox RF output (port 1) 3.5 mm (m) 

https://www.keysight.com/main/software.jspx?ckey=3088431&lc=eng&cc=US&nid=-11143.0.00&id=3088431
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EMF exposure evaluation with FieldFox 
5G signal characteristics require more base station antennas than LTE does — especially in densely 
populated areas. In addition to an increasing number of antennas, 5G mmWave signals have different 
electromagnetic field (EMF) properties than previous standards. Operators must verify EMF exposure 
levels in the field for compliance. Adhering to set limits and maintaining a safe environment for the 
public and workers require companies to implement 5G to verify EMF levels during deployment. 

Both the spectrum analyzer and 5G NR OTA modes on the FieldFox analyzer support EMF 
measurements. You can measure total field strength across the frequency band of interest and use 
pass/fail limit testing. FieldFox’s EMF measurements support connectivity to a triaxial isotropic antenna 
(Figure 20). The antenna attaches to the FieldFox analyzer in two locations — port 1 and the USB port. 
The USB automatically transfers the antenna X, Y, and Z factors to the FieldFox unit through the USB 
connection. FieldFox controls the antenna. The setup does not require an external PC. 

  

Figure 20. FieldFox analyzer with triaxial isotropic antenna 
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5G NR spectrum emissions mask measurements 
Spectrum emissions mask (SEM) measurements help 
characterize transmitting signals when measuring power from 
in-band and out-of-band emissions at specific frequency 
bandwidths and offsets relative to total carrier power. The 
SEM measurement performs a segmented sweep, 
segmenting a different frequency on the lower level and upper 
level from a reference center frequency (Figure 21). Each 
segment may have a different frequency span, resolution 
bandwidth (RBW), and integrated channel bandwidth settings. 
FieldFox supports up to eight offset segments and pass or fail 
mask with absolute or relative limit lines. 

Periodic frame trigger synchronized with GPS 
A periodic frame trigger allows for trigger execution at a fixed 
interval between successive executions. Modern 
communication systems like 5G use time division duplex 
(TDD) for spectrum access. Periodic trigger with time gating 
can help differentiate uplink and downlink signals, making it 
easier to find uplink interference in TDD networks. When 
triggering the measurement by a frame boundary, which can 
be synchronized with GPS, you capture only the data within 
the designated boundary (Figure 22).  

PathWave VSA software connection 
Keysight’s PathWave vector signal analysis (VSA) software 
can analyze digitally modulated signals simultaneously in the 
modulation, time, and frequency domains. It provides useful 
insights into modulation quality with measurement display 
views, including spectrum, IQ constellation, EVM, and 
frequency error (Figure 23). The PathWave VSA link 
provides a powerful combination of hardware and software 
for device design and troubleshooting. It uses signal formats 
such as APCO-25 and Terrestrial Trunked Radio (TETRA) 
for public safety radio, IEEE 802.11p for wireless vehicular 
communications, low-power wide area networks and other 
IoT formats, and cellular communications such as 5G NR, 
LTE-Advanced (LTE-A), Wideband Code Division Multiple 
Access (WCDMA), Global System for Mobile 
Communications (GSM), and more. FieldFox can connect to 
the PathWave VSA software (Keysight model number 
89601B) via Ethernet to a Windows-based PC or tablet. In 
order to connect with PathWave VSA software, FieldFox 
requires a spectrum analysis option. 

Figure 21. SEM measurement of 5G NR 
FR1 signal 

Figure 22. Isolate 5G NR uplink channel 
from downlink channel using frame trigger 
synchronized to GPS at 1 PPS 

Figure 23. Modulation analysis of 100 MHz 
5G NR signal using PathWave VSA 
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FieldFox 5G NR Solution Configuration in Brief 
Table 1 highlights the FieldFox options discussed in this document in brown. See the FieldFox B-Series 
configuration guide for complete information on all FieldFox products and accessories. 

Option Description Combination analyzers 
N9913/4/5/6/7/8B 

Spectrum analyzers 
N9933/4/5/6/7/8B 

CAT/Vector network analysis 
010 Vector network analyzer (VNA) time domain  — 
210 VNA transmission/reflection  — 
211 VNA full 2-port S-parameters  — 
212 1-port mixed-mode S-parameters  — 
215 TDR cable measurements  — 
305 Cable and antenna analyzer Base model — 
308 Vector voltmeter  — 

320 Reflection measurements (return loss [RL], voltage 
standing wave ratio [VSWR] and scalar)  —  

Spectrum analysis 
209 Extended range transmission analysis (ERTA)   
220 Tracking generator —  
233 Spectrum analyzer  Base model 
235 Preamplifier   
236 Interference analyzer and spectrogram   
238 Spectrum analyzer time gating   
312 Channel scanner   
350 Real-time spectrum analyzer (RTSA)   
351 I/Q analyzer (IQA)   
352 Indoor and outdoor mapping   
355 Analog demodulation   
356 Noise figure (NF)   
358 EMF measurements   
360 Phased array antenna support   
370 OTA LTE FDD   
377 OTA 5GTF    
378 OTA 5G NR   
B04 Analysis bandwidth, 40 MHz   
B10 Analysis bandwidth, 100 MHz   
Power measurements 
208 USB power sensor measurement versus frequency   
302 USB power sensor support   
310 Built-in power meter   
330 Pulse measurement with USB peak power sensor   
System features 
030 Remote control capability   
307 GPS receiver   
309 DC bias variable voltage source   
Windows-based software 
89601B PathWave VSA software   

Table 1. FieldFox 5G NR solution options

  

https://www.keysight.com/us/en/assets/7018-06515/configuration-guides/5992-3701.pdf
https://www.keysight.com/us/en/assets/7018-06515/configuration-guides/5992-3701.pdf
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Carry Precision with You 
Every piece of gear in your field kit has to prove its worth. Measuring up and earning a spot is the 
driver behind the development of Keysight’s FieldFox analyzers. They can handle routine 
maintenance, in-depth troubleshooting, and everything in between. Better yet, FieldFox delivers 
precise microwave and mmWave measurements — wherever you need to go. Add FieldFox to 
your kit to carry precision with you. 

 
Related literature Number 
FieldFox Handheld Analyzers N991x/3xB, data sheet 5992-3702EN 
FieldFox Handheld Analyzers N991x/3xB, configuration guide 5992-3701EN 
FieldFox Handheld Analyzers N991x/3xB, technical overview 5992-3703EN 

 
Download application notes, watch videos, and learn more at www.keysight.com/find/fieldfox. 

Learn more about 5G solutions at www.keysight.com/find/5g. 

 

https://www.keysight.com/us/en/assets/7018-06516/data-sheets/5992-3702.pdf
https://www.keysight.com/us/en/assets/7018-06515/configuration-guides/5992-3701.pdf
https://www.keysight.com/us/en/assets/7018-06517/technical-overviews/5992-3703.pdf
http://www.keysight.com/find/fieldfox
http://www.keysight.com/find/5g
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