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Introduction

As new and innovative technologies for wireless communications continue 
to emerge and push into higher frequency bands, communication service 
providers need robust, cost-effective solutions to analyze and understand 
the RF physical layer in their fields of operation. With millimeter wave 5G 
networks becoming a reality, telecommunication and wireless operators 
must grapple with the demands of expanding their existing cellular net-
works and building new ones to take advantage of these promising tech-
nologies — and they need the appropriate equipment to do it. 

Legacy RF test and measurement solutions 
cannot accommodate RF spectrum analysis 
for this new environment. But for many RF 
engineers, upgrading their existing equipment, 
or even replacing it wholesale, is not a practical 
option. 

Rather than buying increasingly complex and 
more costly equipment, RF engineers have 
other options. This white paper explores the 

use of downconverters as an integral part 
of an RF signal measurement solution in the 
lab or field for higher frequency applications. 
Deployed in conjunction with other RF 
measurement components, downconverters 
can extend the frequency range of existing test 
and measurement equipment, enabling high 
performance at a much lower cost than other 
all-in-one-box solutions.
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5G Technologies Bring 
Opportunities — and 
Challenges 

The advent of 5G networks is ushering 
in a whole new era of mobile broadband 
connectivity that will see increased demands 
for more wireless services and higher data 
rates, as frequencies extend into millimeter 
wave (mmWave). 

According to research from Accenture, 
telecom operators are expected to invest 
as much as $275 billion in 5G infrastructure 
by 2025,1 transforming virtually every 
industry, from energy, to transportation, to 
public safety. 5G trials (including mmWave 
5G service) are already well underway in 
a number of countries,2 and the FCC’s 
recent auction of 28 GHz and 24 GHz U.S. 
spectrum to major players in the telecom 
industry3 signals further development in those 
higher-band frequencies. 

These advances are promising, but as with 
the 4G technology that came before it, 5G 
implementations require new infrastructure. 
This network evolution is triggering large 
capital expenditure (CapEx) and operating 
expenditure (OpEx)  investments across 
all network domains, including spectrum, 
radio access network (RAN) infrastructure, 
transmission (via increased fiberization), 
and core networks.4 For mmWave bands 
in particular, operators will need to 
densify existing 4G networks with small-
cell deployments to accommodate the 

shorter range of those signals, and use 
advanced antenna systems (AAS) to support 
beamforming and massive Multiple-Input 
Multiple-Output (MIMO) technology for greater 
capacity and connectivity. 

In combination, these technological 
innovations will significantly increase network 
capacity and performance — but they will 
also add considerable complexity to the 
design and test of these systems. In addition 
to spending on the equipment that will 
enable these 5G networks, operators must 
also invest in the instrumentation required to 
characterize and test it. And it will likely not 
be “business as usual” when it comes to test 
and measurement of these new networks. 
The drawbacks of shorter range signals and 
the greater sensitivity to obstructions, for 
example, will require rigorous testing and 
benchmarking as these services are designed 
and rolled out. 

Today’s communication service providers 
are well-equipped to monitor and maintain 
the 4G networks that drive their business. 
However, much of that existing equipment is 
not capable of performing the same function 
for emerging 5G technologies. Legacy RF 
test equipment (and the technical expertise 
required to use it) will not be up to the task, 
leaving operators with a gap in their 5G rollout 
capability. 
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1 Source: https://newsroom.accenture.com/content/1101/files/Accenture_5G-Municipalities-Become-Smart-Cities.pdf 
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structure-cost



RF Engineers Are Seeking 
New Solutions 

As the 5G ecosystem evolves, 
communication service providers are looking 
for technological solutions that allow them 
to develop differentiated services for the 
emerging 5G market. At the same time, RF 
engineers are looking for ways to complement 
and future-proof their existing RF test and 
measurement investments, without exceeding 
increasingly constrained budgets. 

Service providers have typically adopted a 
“closed” approach to their RF measurement 
systems, building end-to-end solutions with 
equipment and components from a single 
vendor. However, these systems cannot 
always accommodate new requirements as 
they emerge. 

Ultimately, RF engineers are looking for RF 
test and measurement solutions that can 
deliver functionality and performance, in a 
cost-effective manner, whether in the lab 
or out in the field. Solutions based on more 
modular designs are easier to adjust and 
can be fine-tuned to provide the functionality 
required for specialized applications — and 
the organizations that use them can make 
investments based on what they need for the 
application at hand, and nothing more.

An open and interoperable approach to RF 
spectrum analysis provides the flexibility 
to build a solution around specialized 
applications and lowers the overall cost of 
increased performance. By augmenting 
their test and measurement solutions with 
additional components as required,  RF 
professionals can continue to take advantage 
of emerging technologies and standards, 
while protecting their investment in existing 
equipment. 

As a real-world example of this principle 
in action, the use of a high-performing 
downconverter with signal analysis 
components that operate at lower 
frequencies allows RF professionals to 
capture and analyze higher frequency signals 
without replacing their existing equipment — 
and without compromising on performance. 
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Downconverters: A 
Practical Approach to 
Extending the frequency 
range of RF Spectrum 
Analyzers 

As RF signals push into higher and higher 
frequencies, RF engineers need test and 
measurement solutions that can capture 
those signals. 

Existing RF test equipment that is designed 
to monitor Wi-Fi and 4G networks, for 
example, is not capable of capturing signals 
above 6 GHz. Instead of replacing their 
existing equipment with new components 
that support those higher frequencies, RF 
professionals can use a downconverter with 
their current test and measurement systems 
to capture higher frequency signals — and 
preserve the CapEx investment they have 
made in their current RF instrumentation.

Downconverters represent a fairly simple 
concept — translating an incoming higher 
frequency RF signal to an intermediate 
frequency that’s within the bandwidth of the 
instrument being used to analyze it — but 
they’re a powerful component for building 
high-performing (and cost-effective) RF signal 
monitoring solutions. 

As an example, VIAVI turned to ThinkRF5 
to design and build the ThinkRF D2030 RF 
Downconverter to translate 5G signals at 28 
GHz down to 3.5 GHz - a frequency range 
that could be analyzed by the CellAdvisor.
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Extending the Frequency range of the Viavi 

CellAdvisor to mm-wave Frequencies with 

the D2030 downconverter



In general, downconverters effectively 
multiply the existing RF range capabilities of 
the signal analyzers they connect to. Using 
a downconverter, signals can be captured 
at much higher frequencies than the signal 
analyzer would normally be able to detect. 
The captured signal is then downconverted to 
an intermediate frequency (IF), and sent to the 
analyzer for post processing and analysis. 

A standard, conventional block 
downconverter takes a range of input signal 
frequencies and translates them down 
to a lower range of frequencies. In other 
words, the output frequency is not fixed but 
varies depending on the input frequency, 
which complicates the job of the receiver 
that it interfaces to. In addition, the block 
downconverter may not include a built-in local 
oscillator and sometimes requires the user 
to provide one externally — adding to cost, 
overall size, and complexity.

The ThinkRF downconverters incorporate 
sophisticated tuner technology to include pre-
select filtering and multiple mixing and gain 
stages to condition input signals across a 
wide range of frequencies and translate them 
to a single output frequency. Additionally, the 
output signal is tightly calibrated. This greatly 
simplifies the task for the lower frequency 
analyzer and is a significant differentiator over 
conventional downconverters.

Introducing a downconverter into existing 
RF test solutions for signal capture at these 
hitherto-unused frequencies not only allows 
RF organizations to defer the purchase of 
more expensive and complex monitoring 
equipment, it also makes for significant 

savings in additional training costs. Since 
the downconverter translates the higher-
frequency signals to lower-frequency signals 
that are already recognized and understood, 
and RF technicians can still use the 
equipment and software they’re familiar with 
to analyze those signals. 

But not all downconverters are created 
equal: the myriad of downconverter options 
available on the market range in form factor 
(from integrated chips to one-slot modules, 
to standalone components), capability (from 
upper limit frequencies of 6 GHz to 72 GHz), 
and price. Many are vendor-dependent, 
requiring complementary modules or chassis 
from the same manufacturer for operation. 
The suitability of one downconverter model 
over another ultimately comes down to cost, 
capability, and performance, and the RF 
application it’s being used for.
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Downconverter 
Applications in the 5G 
World 

Mobile network operators in the 
telecommunications sector have made 
considerable investments in spectrum 
analysis solutions to detect and locate 
interference in the current cellular and Wi-Fi 
bands — however, since this equipment was 
designed primarily for 4G networks, it typically 
only has a frequency range up to 3 GHz or at 
most 6 GHz. Most organizations do not have 
the budget for large-scale investments in 
more equipment merely to improve frequency 
performance. 

Downconverters enable RF engineers 
to leverage existing RF equipment when 
capturing higher-frequency signals, as well as 
more complex wideband waveforms. Since 
one of the defining features of emerging 5G 
technologies is the higher-frequency signals 
they use, downconverters are a natural 
component of any signal monitoring solution 
that targets 5G applications, whether for 
prototyping activities in the lab or monitoring 
operations in-the-field. 

Drive Testing for 5G Networks

Efficient testing and monitoring of mobile 
networks allows network operators to make 
the best use of available resources, and 
optimized networks result in lower overall 
operational costs. Drive testing is necessary 

   

for a real-world view of the RF environment 
in which a network is operating. Network 
coverage, capacity, and quality of service are 
key indicators for assessing performance in 
both new and existing cellular networks.   As 
5G mobile and wireless communications 
technologies continue to draw on higher 
frequencies (and the 24-40 GHz band in 
particular), RF engineers and technicians 
need to be able to monitor those frequencies 
for interference. As heterogeneity in mobile 
networks grows, with several network 
technologies and service types co-existing in 
the same network, telecom operators must 
perform regular network benchmarking to 
assess performance and differentiate their 
offerings. 

Similarly, continuous wave (CW) testing 
is critical to understanding 5G signal 
propagation characteristics and planning 
new networks accordingly. Millimeter wave 
frequencies have different propagation 
characteristics compared to signals in 
the lower frequency range typically used 
in mobile networks, and mobile network 
operators will need to assess candidate sites 
for 5G networks rigorously. The following 
block diagram shows an example test bed 
configuration for CW testing. A CW signal 
at 28 GHz is transmitted for test purposes. 
ThinkRF’s D2030 downconverter is used 
to translate the received 28 GHz CW signal 
down to the 3.5 GHz. It is then processed by 
the Anritsu MT 8220T which is limited to a 
maximum frequency of 7.1 GHz.
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For any of these applications, integrating a 
portable and robust downconverter with an 
existing drive test setup (RF antenna and 
RF receiver or Real-time Spectrum Analyzer 
operating below 6 GHz) allows RF engineers 
to detect and analyze signals in the 50 
MHz to 40 GHz range in their networks — 
without upgrading or replacing their existing 
equipment. 

Wideband Signal Capture 

Another hallmark of 5G technologies — 
the high data rates associated with higher 
frequency signals and the corresponding 
need for wider bandwidth up to 2 GHz — 
makes those signals more challenging to 
capture and analyze. Likewise, 5G cellular 
networks may use frequency-hopping as a 
means of mitigating the effect of frequency-
selective fading and co-channel interference.6 
Such frequency-hopping signals also require 
wideband monitoring capabilities for proper 
detection and analysis. 

RF professionals need flexible RF 
measurement solutions to analyze these 
5G wideband signals as they prototype 
and optimize their applications. Instead of 
purchasing expensive wideband, large form 
factor system systems to capture and analyze 
these RF signals, mobile network operators 
can use downconverters to accommodate 
the wider bandwidth requirements in a small 
and more cost-effective solution — without 
sacrificing performance. 

For example, by running multiple 
synchronized downconverters in parallel with 
staggered tuning, wideband signals can be 
captured and analyzed at a much lower cost. 
When combined with other components 
such as high-speed digitizers and signal 
analysis software, RF engineers have a total 
measurement solution for microwave test 
and measurement applications up to 40 GHz, 
including wideband signal recording systems. 
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Downconverters for the Next 
Generation RF Environment

Downconverters are one of the most 
economical and cost-effective methods for 
increasing the frequency performance of RF 
signal analysis systems. In the new world of 5G 
networks, a downconverter can reduce time 
to market and costs for mobile operators and 
system integrators. 

The ThinkRF series of RF downconverters 
are designed for maximum performance and 
interoperability. The R5550, D2030 and D4000 
RF Downconverters enable translation of RF 
signals in the frequency range of 50 MHz to 40 
GHz with up to 500 MHz of real-time bandwidth 
(RTBW), to capture modern waveforms like 
802.11ac and 5G.

The following are some of the key features 
and benefits of ThinkRF series of RF 
downconverters:

       Pre-select filtering: eliminates out-of-band  

       signals and enables spurious mitigation.

       Single IF output: makes it easier to integrate  

       with Spectrum Analyzers or Receivers.

       Built-in local oscillator: eliminates the need for  

       external synthesizers.

       Built-in digitizer: provides access to a built-in 

       spectrum analyzer.

       Wideband and narrowband mode support:  

       allows flexibility for both wideband and  

       narrowband signal capture where the user  

       can trade off bandwidth for better spurious  

       response rejection.

In addition to their exceptional performance in 
frequency range, ThinkRF Downconverters have 
several other differentiators that make them an 
ideal component for the new open approach to 
building RF signal monitoring solutions.

Compact Form Factor

With a compact design, ThinkRF RF 
Downconverters are portable and easy to set 
up in any deployment scenario, whether in the 
lab or out in the field, without adding significant 
size, weight and power (SWaP) requirements. 

Standard Configuration Interface 

ThinkRF RF Downconverters support open 
APIs for C/C++ and Python, and standard 
configuration protocols via SCPI commands 
over a Telnet connection, or configuration 
via spectrum analyzer software over a LAN 
connection. 

Open Platform 

ThinkRF RF Downconverters work with third-
party test equipment, RF Spectrum Analyzers, 
Software-Defined Radios and interfaces. The 
open platform works seamlessly with current 
spectrum analysis solutions through standard 
SCPI control over Ethernet, allowing control of 
the unit through the spectrum analyzer or any 
standard PC. 

Multi-Unit Synchronization Capability

ThinkRF RF Downconverters include 10 MHz 
input and output clock references to support 
clock synchronization with external modules. 
The allows the ability to run multiple units 
in parallel to coordinate a compound signal 
monitoring system, particularly for wideband 
signal monitoring and capture.
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Conclusion

As the RF spectrum environment 
continues to evolve at a breakneck pace, 
telecommunication providers — and the RF 
test and measurement equipment providers 
that support them — must keep up. While 
older technologies are not going anywhere any 
time soon, 5G will enable new services and 
revolutionize the way mobile networks operate. 
These new networks will be expensive to 
implement. Apart from the new infrastructure 
required, the testing and re-testing of such 
networks will also require investment and 
innovation. 

The bulk, cost and limited extensibility of 
traditional RF test equipment has moved the 
RF market toward a more open approach 
to assembling RF test and monitoring 
systems. Simple but powerful components, 
when combined in a single solution, can 
deliver enhanced performance in lower-
cost platforms, and still preserve existing 
investments. 

The application of downconverters to measure 
higher frequency signals is a prime example 
of this flexible approach in action and allows 
mobile network operators to take advantage 
of emerging RF technologies without replacing 
their existing equipment.

Telecommunication and wireless operators 
need RF test and measurement solutions 
that enhance the lifetime of their existing 
test equipment and deliver performance at 
a reasonable cost, all while enabling them to 
take advantage of new technologies that will 
drive their business in the coming years. This 
approach will solve many of the challenges 
facing RF engineers as they design signal 
detection and monitoring applications for the 
21st century.
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