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W H I T E  P A P E R

Understanding 5G Coexistence 
Testing Requirements 
Adding 5G to an already crowded and congested spectrum 
increases the potential for interference. 

5G New Radio (NR) release 15, introduced in December 2017, lays the foundation 

for ultra-fast download speeds, reliable low latency connections, and connectivity 

to billions of new IoT devices coming online in the next few years. With scalable 

numerology, flexible waveforms, and new spectrum, 5G NR provides a robust 

framework to address the many different use cases envisioned by the 5G IMT-2020. 

Spectrum is a key enabler to meeting these goals. Newly specified operating 

bands enable higher data throughput and increased capacity. Today’s spectrum, 

however, is already crowded and introducing new operating bands increases the 

potential for side-band interference, and in some cases, overlap with previous 

spectrum allocations such as satellite and military applications. 5G NR needs 

to operate in spectrum adjacent to existing cellular bands, and sometimes in 

the same spectrum as other wireless communications systems, creating new 

coexistence issues.  As a device designer, you need to ensure your 5G NR 

designs meet target performance and can coexist with 4G, Wi-Fi, and other 

wireless communications systems that may share overlapping spectrum or 

present sideband interference.

1. www.merriam-webster.com/dictionary/coexist

The dictionary definition 
of “coexist” includes two 
ideas: “to exist together at 
the same time” and “to live 
in peace with each other 
especially as a matter of 
policy.” Both are fitting and 
relevant with 5G. Achieving 
the expected level of 
performance for any given
communication system 
will depend on a peaceful 
coexistence.1
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5G Spectrum Coexistence Issues

Some LTE operating bands were repurposed for 5G NR, and new bands in both sub-6 GHz 

and mmWave frequencies are added. In frequency range 1 (FR1), an additional three 

new operating bands between 3.3 GHz and 5 GHz are available to increase coverage 

and capacity below 6 GHz. New frequency range 2 (FR2) operating bands between 

24.25 GHz and 40 GHz offer wider channel bandwidths to support high data throughput 

applications like streaming of 4K or 8K UHD movies. Initial FR2 implementations are 

expected to be fixed point-to-point and point-to-multipoint broadband applications 

introduced towards the end of 2018. Mobile devices operating in both FR1 and FR2 are 

expected as soon as 2019. 

Figure 1: U.S. Department of Commerce shows the density of today’s spectrum2   

2. https://www.ntia.doc.gov/fi les/ntia/publications/january_2016_spectrum_wall_chart.pdf

United States Frequency Allocation - The Radio Spectrum

https://www.ntia.doc.gov/files/ntia/publications/january_2016_spectrum_wall_chart.pdf
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5G NR operating bands are identified with the letter “n” in front of the band number. 

However, each region defines spectrum allocation and use. 

There are multiple spectra where 5G NR has the potential for coexistence issues. To 

achieve higher data throughput and make more efficient use of the spectrum, 4G LTE 

Advanced Pro offers LTE Unlicensed (LTE-U), licensed-assisted access (LAA), and 

MulteFire which allows LTE operation in unlicensed spectrum. LAA uses the 4G network 

as an anchor and implements listen-before-talk to ensure no other operation is taking 

place in the unlicensed spectrum. LAA requires careful coexistence design and test due 

to the many different permutations from many protocols used in the same frequency 

bands.

In addition to existing 4G operating bands, 5G mid-band frequencies (3.3–4.2 GHz, 

3.3–3.8 GHz, 4.4–5 GHz) need to coexist with IEEE 802.11ac and 802.11ax in the 

2.4 GHz and 5 GHz Wi-Fi networks. Without proper filtering for each band, emissions 

from intermodulation products can cause spurs that interfere with these bands. There 

is also a proposal to use the unlicensed ISM (Industrial, Scientific, and Medical) bands 

as a secondary channel, which creates a shared spectrum scenario that needs testing. 

In many countries policy and procedures for sharing of licensed and unlicensed 

spectrum in new 5G operating bands is not defined yet. There are scenarios in the 

United States where shared spectrum between commercial LTE networks and United 

States military radar systems exists. In these situations, who has priority? How is the 

spectrum allocation managed? Many questions need answers. 3GPP begins work on 

licensed and unlicensed spectrum sharing in 5G NR phase II, planned for release in 

late 2019. 

Frequency Range 1: 400 MHz to 6 GHz Frequency Range 2: 24.25 to 52.6 GHz

Adds 1.5 GHz of new spectrum in 
frequency bands

Frequencies up to 90 GHz
are currently being 

investigated
for future releases.

Adds 8.25 GHz of new spectrum in 
frequency bands

n77: 3.3–4.2 GHz
n78: 3.3–3.8 GHz
n79: 4.4–5 GHz

n257:  26.5-29.5 GHz
n258:  24.25-27.5 GHz

n260: 37–40 GHz

0.6 GHz
I
S
M

2.5 GHz 24 GHz 28 GHz 39 GHz
64-71GHz

3.3-4.2 GHz
71-76GHz

4.4-5 GHz ISM
5.7-5.8

ISM
24 GHz

In July 2016, FCC allocated 
11 GHz of spectrum for 
wireless broadband for both 
fixed and mobile operators 
in the high-band spectrum, 
including 3.85 GHz of 
licensed spectrum and 7 
GHz of unlicensed spectrum 
including 27.5 GHz to 28.35 
GHz, 37 GHz to 38.6 GHz, 
and 38.6 to 40 GHz. Some 
of these are overlapping 
with newly specified 5G 
NR operating bands, and 
overlap with Fixed-Satellite 
Services (FSS) earth station 
uplinks at 27.5-29.5 GHz 
and FSS downlinks at 37.5-
40 GHz. Later this year, FCC 
auctions UMFUS licenses 
in the 28 GHz and 24 GHz 
frequency bands. There 
are already U.S. service 
providers planning for fixed 
wireless type services in 
28 GHz and 39 GHz bands 
later in 2018.

Table 1: New 5G NR operating bands
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Sharing the airwaves puts more burden on operators and equipment manufacturers 

to ensure 5G coexists with the existing commercial wireless infrastructure, with non-

military radar signals, and with military usage in agencies such as the U.S. Department 

of Defense (DoD). Evaluation of device operation in controlled coexistence scenarios is 

necessary to mitigate the effects of interference and ensure predictable and reliable 

device and network behavior. Let’s look at coexistence from the following two 

perspectives:

• Minimizing Interference. For a transmitter to meet emission requirements, 
especially at the band’s edge, both in-band and out-of-band emissions are 
minimized to avoid interference with other receivers. Designers need to ensure 
the device does not cause interference with other radios within the device, or with 
other radio signals in the channel, or in the adjacent spectrum. 

• Operating in Shared Spectrum. One proven and viable way to extend the 
performance and throughput of devices is by harnessing unlicensed shared 
spectrum. A proven approach to coexistence with shared spectrum is to detect 
activity in the shared spectrum and then only transmit when the channel is clear. 
The time it takes to detect, allocate, and reallocate spectrum presents inherent 
quality of service issues for device users.  

Minimizing Interference

Just as in previous generations of wireless standards, 3GPP conformance tests 

are used to ensure a minimum level of performance. Conformance tests provide 

a pass/fail result for a test such as intermodulation and spurious emissions in the 

transmitter, and in-band and out-of-band blocking in the receiver. However, these 

tests do not indicate how close the device is to the limits. A transmitter’s emissions 

from harmonics, inter-modulation spurs, or spectral regrowth can still interfere with 

other wireless communication systems. As a designer, you must evaluate coexistence 

issues such as: 

• How will interfering waveforms interact?

• How much in-band and out-of-band suppression is required?

• How much guard band is necessary?

Recreating different interference scenarios across the multiple operating bands 

enables designers to identify in-band and out-of-band issues. CP-OFDM used in 

5G NR is known to have high side lobes or out-of-band emissions that can impact 

adjacent users. Spectrum measurements such as Adjacent Channel Leakage Ratio 

(ACLR) and Spectrum Emissions Mask (SEM) provide some insight into potential 

signal interference. 
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These measurements require signal generators and signal analyzers with bandwidths 

greater than 1 GHz to view out-of-band performance:

• Error vector magnitude (EVM) of the demodulated signal can indicate good or poor 
coexistence, or whether there is interference in the signal measured. 

• Demodulating the signal and viewing the constellation diagram and EVM per 
subcarrier can show the effects of interference. 

• Bit error rate (BER) and throughput rate are additional metrics for receiver 
performance. Changes in BER with interfering signals present is used to determine 
guard band requirements between the two waveforms. 

Figure 2 shows a measurement of a demodulated 5G NR compliant signal alongside an 

LTE signal displaying multiple aspects of each signal’s evaluated quality. With a side-by-

side presentation, designers can see results of each carrier and interactions that may 

not otherwise be visible. 

Figure 2: 5G NR Waveform Generation and Analysis Testbed solution used to create a 5G 
and 4G LTE coexistence scenario for device validation

Generating multiple signals on multiple signal generators is expensive. Simulation 

tools provide an environment where multiple waveforms can be combined into a single 

coexistence scenario, which can then be analyzed with impairments, or exported 

to a waveform generator for playback from a single channel. This allows you to test 

algorithms with real-world impairments such as intermodulation distortion and spurious 

signals that are either internally and externally generated.    

https://www.keysight.com/en/pd-2567072/5g-waveform-generation-and-analysis-testbed-reference-solution?cc=US&lc=eng
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Operating in Shared Spectrum

Devices operating in a shared spectrum environment require the capability to sense their 

environment and modify behavior based on the rules or policy set for the given spectrum. 

While policies are still being defined, the most likely scenario is for commercial operators to 

only use the band when it is not in use by incumbents. 

Spectrum sharing requires new test methods to validate that base stations and devices

can execute new algorithms properly and ensure adherence to the rules. This may require 

the radio or modem to:

• Sense the spectrum for other transmitters

• Sense its location 

• Adjust behavior based on the policy for the given location 

Combining a testbed with remote sensors enables evaluation of radio algorithms with 

real-world interferers. In this scenario, the spectrum is captured via the remote sensors and 

downloaded into an arbitrary waveform generator (AWG) to recreate the field captured 

in a lab environment. When combined with a device under test (DUT), the DUT’s response 

from the spectrum environment can be analyzed directly, or input back into the simulation 

model for post processing and testing of the BER/BLER (bit error rate/block error rate) of the 

receiver. Figure 3 shows a test setup to develop and test whitespace-sensing algorithms.

Signal Analyzer

Arbitrary Waveform
Generator

DUT

Develop 
algorithm to play 
out in AWG  

Controlled Lab Environment

Capture DUT signal 
and feed back into 

simulated waveform

Figure 3: Using RF sensors to provide real-world analysis scenario
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While in the field, the device must have the ability to detect if incumbents are using 

the spectrum before transmitting. The device needs to sense its location and monitor 

the spectrum, and in some cases, stop transmission if a primary user enters the 

spectrum. Using a network emulator enables you to test the different scenarios to 

ensure the device has the correct behavior and control specified by its design.    

When you can combine real-world spectral environments with a controlled, repeatable 

R&D lab environment, you learn about issues early and accelerate algorithm 

development and testing before deploying radio hardware in the field.

Conclusion
5G must coexist with 4G, Wi-Fi, and other commercial and military wireless 

communications systems.  Developing for coexistence presents many new challenges. 

You need to ensure your device meets its performance goals while not causing 

interference with others. Shared spectrum situations introduce the need for complex 

algorithms to monitor and detect other users in the spectrum. 

Having the tools that allow you to explore coexistence scenarios with 5G signals 

at different bandwidths, frequencies, and under changing channel conditions are 

essential. Keysight’s 5G solutions are flexible and scalable so you can simulate, 

generate, and analyze wideband signals from sub-6 GHz to mmWave frequencies with 

fidelity. By integrating real-world environments, you can analyze and identify issues 

early in a lab environment and accelerate your 5G device designs. 

Visit the Keysight 5G resource center to stay up-to-date on emerging standards, 

techniques, and best practices. Download tutorials, application notes, case studies, 

and more.
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