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Ensure Your Base Station Transmitter 
Complies with 5G NR Rel 16
Testing 5G NR Requires Accuracy

Introduction
In light of ever-evolving standards, test solutions need to support higher frequencies, 

wider bandwidths, and new physical layer capabilities. Thanks to the much faster, 

more reliable, and near-instant connections that come with the 5G, we now 

see a variety of innovative and comprehensive mobile wireless communication 

applications every day. Base stations must now pass new conformance tests 

to ensure they deliver on their promises. Performing conformance testing is an 

important part of the base station lifecycle, which requires a thorough understanding 

of 3rd generation partnership project (3GPP) specifications. This paper discusses 

5G NR Release 16 base station transmitter conformance testing requirements and 

the specific challenges that arise in millimeter wave (mmWave) frequency testing. 

We will also discuss how to stay compliant with standards using the new designs in 

Keysight signal analysis solutions, when testing your base station transmitters.

The three primary technologies defined in 5G new radio (NR) use enhanced mobile 

broadband (eMBB), massive machine-type communications (mMTC), and ultra-

reliable and low-latency communications (URLLC). eMBB refers to the target 5G 

peak and average data rates, capacity, and coverage compared to conventional 

mobile broadband. It specifies a 5G design that can support up to 20 gigabits 
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per second (Gbps) in the downlink (DL) and 10 Gbps in the uplink (UL). mMTC supports 

5G Internet of Things (IoT) use cases with billions of connected devices and sensors. It 

covers both low data rate / low bandwidth devices with infrequent data bursts requiring 

long battery life and high bandwidth / data rate devices. URLLC focuses on applications 

that require fail-safe, and real-time communications, such as autonomous vehicles, the 

industrial internet, and intelligent transportation systems.

Release 15 includes the first version of the 5G NR technology and a set of new features 

as part of the long-term evolution (LTE). Release 16 includes several significant 

enhancements and extensions to NR as part of the first step in the NR evolution, 

together with additional LTE extensions and enhancements. 

It introduces two specific sets of features. The first set includes new verticals such as 

multiple radio access technology (multi-RAT), dual connectivity and carrier aggregation 

(CA) enhancement, industrial internet of things (IIoT), ultra-reliable low latency 

communications (URLLC), and vehicle-to-everything (V2X). This set includes NR 

unlicensed — NR-U, NR positioning, and a two-step random access channel (RACH). 

The second category includes features targeting enhanced capacity and improved 

operational efficiencies, such as multiple-input multiple-output (MIMO) enhancements, 

integrated access and backhaul (IAB), cross-link interference / remote interference 

management, user equipment (UE) power savings, and mobility enhancements.

Every 5G NR base station or UE manufacturer must pass all the necessary tests before 

releasing the products to market. Otherwise, the products do not have 3GPP-compliant 

recognition and are not usable for network deployment. We start with a quick overview 

of 3GPP base station conformance testing requirements.
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Overview of 3GPP Base Station Conformance Testing
3GPP defines the radio frequency (RF) conformance test methods and requirements for 

NR base stations in the technical specification TS 38.141, which covers transmitter 

(Tx), receiver (Rx), and performance (Px) testing. This technical specification consists 

of two parts depending on whether the test methodology has conducted or radiated 

requirements. TS 38.141-1: Part 1 covers the conducted conformance testing, and TS 

38.141-2: Part 2 includes the radiated conformance testing in both frequency range (FR) 

1 and FR2 depending on the base station type. 

The focus of this white paper is to review the key conducted and radiated transmitter 

tests for FR1 and FR2 base stations by discussing the transmitter test items and 

requirements, per documents 38.141-1 (Base Station (BS) conformance testing, Part 1: 

Conducted conformance testing) and 2 (Base Station (BS) conformance testing, Part 2: 

Radiated conformance testing). In addition, we will cover requirements for RF transmitter 

tests according to Release 16 and testing challenges.

Table 1 summarizes base station conformance tests for conducted and radiated 

situations. 3GPP specifies four types of base station configurations, depending on the 

configuration, whether the tests are conducted or radiated. 

Table 1. Release 16 base station conducted and radiated conformance tests

Transmitter 
Characteristics 

Receiver 
Characteristics 

Performance 
Requirements 

• Transmit Power (TRP, EIRP)

• Output Power Dynamics (RE Power 
Control DR / Total Power DR)

• Transmit On/Off Power (Tx Off 
Power / Tx Transient Period)

• Signal Quality (Freq Error / EVM / 
Time Alignment Error)

• Unwanted Emissions (Occupied 
BW / ACLR / Spurious)

• Intermodulation (Interference)

• Reference Sensitivity Level

• Dynamic Range 

• In-Band Selectivity & 
Blocking Characteristics 
(Adjacent Channel Selectivity 
(ACS))

• Out-of-Band Blocking

• Spurious Emissions

• Intermodulation

• In-channel Selectivity 

• Performance Requirements for 
PUSCH

• Multipath fading propagation

• Detecting UCI with CSI part 1 & 2 
bits multiplexed on PUSCH

• Achieving throughput under high-
speed train conditions

• Achieving throughput for the 
moving UE

• Achieving 0.001% BLER under 
AWGN conditions

• Achieving 1% BLER with PUSCH 
repetition Type A 

• Achieving throughput for PUSCH 
mapping Type B

• Achieving maximum BLER

• Performance Requirements for 
PUCCH

• ACK missed detection 

• NACK to ACK detection

• UCI BLER performance (format 
2)

• Performance Requirements for 
PRACH

• False alarm probability and 
missed detection

https://www.etsi.org/deliver/etsi_ts/138100_138199/13814101/16.06.00_60/ts_13814101v160600p.pdf
https://www.etsi.org/deliver/etsi_ts/138100_138199/13814101/16.06.00_60/ts_13814101v160600p.pdf
https://www.etsi.org/deliver/etsi_ts/138100_138199/13814102/16.04.00_60/ts_13814102v160400p.pdf
https://www.etsi.org/deliver/etsi_ts/138100_138199/13814102/16.04.00_60/ts_13814102v160400p.pdf
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Type 1-C refers to the NR base station operating at FR1 with requirements defined at 

individual antenna connectors. Type 1-H refers to NR base station operating at FR1 

with requirements defined at individual transceiver array boundary (TAB) connectors 

and over-the-air (OTA) requirements defined at radiated interface boundary (RIB). Types 

1-O and 2-O refer to NR base stations operating at FR1 or FR2 with a requirement set 

consisting only of OTA requirements defined at the RIB. The main difference between 

conducted and radiated is the radiated tests for base station types 1-H, 1O, and 2O. 

Base Station Transmitter Conformance Test Requirements 
To have full coverage on transmitter tests, the 5G NR measurement application running on 

your signal analyzer should have the capability to measure the required tests specified by 

standards. Main tests include channel power and occupied bandwidth, adjacent channel 

leakage ratio (ACLR), operating band unwanted emissions (OBUE), spurious emission, 

Tx on / off power, error vector magnitude (EVM), frequency error, and time alignment 

error (TAE). Output power, output power dynamics, transmit on / off power, transmit 

signal quality, unwanted emissions, and transmitter intermodulation are among the list of 

transmitter characteristics and the test measurements covered in this paper. 

Output Power Dynamics Measurements

The purpose of performing the output power test is to measure the power accuracy 

relative to the base station declared value when transmitting at the maximum power 

level. Figure 1 (left) is an example of the measurement result on a 100 MHz bandwidth 

time division duplex (TDD) signal with a measurement mode of channel power. The gate 

start and stop lines indicate the part within a frame used for the power measurement. 

The measured power result over 100 MHz bandwidth is -1.04 dBm, while the transmitted 

signal is at the declared level of 0 dBm. The cable loss is pre-calibrated and is about 0.64 

dB. The calculation for power accuracy is an estimated -0.4 dB, which is within the test 

requirements. 

Output power dynamics refers to the difference in levels when the base station is 

transmitting at maximum and minimum power levels. You should measure on the 

orthogonal frequency division multiplexing (OFDM) symbols that only carry physical 

data shared channel (PDSCH) data, with no synchronization signal block (SSB) or no 

demodulation reference signal (DMRS) within the symbol. The OFDM symbol Transmit 

power limit (OSTP) is the OFDM symbol transmit power measured for data symbols only, 

which is a requirement in dynamic power measurement.

Figure 1 (right) shows an example for the output power dynamics measurement using 

the modulation analysis mode of Keysight’s UXA signal analyzers and PathWave 

X-Series measurement applications. The measured OSTP result is -1.02 dBm for the 

maximum base station transmit power. It is measurable with test model 3.1, which is 

https://www.keysight.com/us/en/products/spectrum-analyzers-signal-analyzers/x-series-signal-analyzers.html
https://www.keysight.com/us/en/products/software/pathwave-test-software/x-series-measurement-applications.html
https://www.keysight.com/us/en/products/software/pathwave-test-software/x-series-measurement-applications.html
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easily configurable by selecting from the test model list. OSTP and other measurement 

results will report after the successful demodulation of the signal, and results will be 

visible on the display.

The multiple traces display shows that test model 3.1 is a full resource block (RB) 

allocation with 64QAM modulation. Similarly, you can measure the minimum power 

using test model 2 signal with a single RB. You can then calculate the power dynamic of 

25.48 dB to compare with standard requirements.

Transmit On / Off Power Measurement

The transmit off power test verifies that the transmit power is within limits defined by 

the standard. This test only applies to the TDD mode of the base station. The definition 

is the mean power measured over 70 / N µs filtered with a square filter of bandwidth 

equal to the transmission bandwidth configuration of the base station, centered on the 

assigned channel frequency during the transmit off period (N = SCS / 15), and SCS is 

subcarrier spacing in kHz.

Technically, two aspects require verification in this test: One is to measure the power 

level when the transmitter is off to check it against the requirement for the pass or fail. 

The other is to measure the transient time, the ramp-up, and the ramp downtime of a 

burst in the TDD signal. For a conducted and a radiated test, the off power should be 

lower than about -83 dBm / MHz, and -102 dBm / MHz, respectively.

You can measure the transient time during the period which the transmitter can change 

from off power level to on, and vice versa. Figure 2 is an example of 5G NR measurement 

results for the transmit off / on power and respective transient time, using Keysight’s UXA 

signal analyzers and PathWave X-Series measurement applications. In this example, an 

Figure 1. An example of conducted output power measurement test model (left) and the output power dynamics (right)
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external trigger determines the burst boundary. By knowing the frame structure of the test 

model, the transient time is measurable with the detection of power ramp up and down. 

A power envelope mask shows the expected limit of off power and the ramp-up and ramp-

down positions. The metrics table at the bottom shows the measurement results, including 

the transmit on power, off power, ramp up, and downtime. A pass or fail indicator displays 

the results in the top left corner, so you can compare these results with the defined standard 

limits. These limits are set to the values from 3GPP specifications by default, but you also 

have the flexibility to modify the limits for your specific test purposes.

Transmit signal quality

Transmit signal quality is an important metric to show the quality of the transmitted 

signal. It includes three measurements: frequency error, modulation quality known as 

EVM, and timing alignment error for MIMO or carrier aggregation cases. 

Frequency Error Measurements

Frequency error measures the difference between the actual base station transmit 

frequency and the assigned frequency. The purpose of this test is to verify that frequency 

error is within the limit specified by the standard minimum requirement. Modulation quality 

is the difference between the measured carrier signal and an ideal signal. 

EVM Measurements

A measure of the difference between the ideal and the measured symbols after the 

equalization is the EVM; this difference is the error vector. Figure 3 shows the error 

vector for a single point, but the EVM required by the conformance test is the root mean 

square (RMS) result averaged over all the allocated subcarriers and all OFDM symbols. 

The purpose of this test is to verify that modulation quality is within the limit specified by 

the minimum requirement. 

Figure 2. An example of conducted transmit on / off power measurement 
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Figure 3. Error vector magnitude for modulation quality measurements

Figure 4 shows an example of how the modulation analysis mode of the UXA signal 

analyzer measures the frequency error and EVM. After performing the synchronization 

and signal demodulation, various measurement results display in either numeric tables 

or with different traces for better visualization effects. 

Figure 4, for example, uses TM 3.1a for 256QAM modulation instead of a complicated 

and time-consuming test setup. The quick preset in Keysight’s UXA signal analyzers and 

PathWave X-Series measurement applications enables you to automatically configure all 

the demodulation settings to improve your test efficiency significantly.

Test 
signal

Phase error (IQ error phase)

Ideal reference signal

Error vector 
magnitude

Magnitude error 
(IQ error mag)

Q

I

Figure 4. An example of conducted frequency error and EVM measurement
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TAE Measurements

TAE refers to the timing gap between different DMRS ports in the transmit signal that 

should be smaller than a certain level. This requirement applies to frame timing in MIMO 

transmission, carrier aggregation, and respective combinations. This result is the greatest 

timing difference between any two different NR signals. This test verifies that the TAE is 

within the limit specified by the minimum requirement. Figure 5 shows the conducted TAE 

measurement result for a MIMO configuration, where the combination of DMRS ports 0 

and 1 from different RF channels are together. This example reflects multiple input signals 

onto a single receiving antenna. The combined two-layer signal does not demodulate with 

only one receiving antenna because some traces do not contain any data. 

In 5G NR X-Series signal analyzer measurement applications, selecting TM1.1 with two 

layers allows for synchronization to each DMRS port in the combined signal and then 

measuring the timing error between them. In this example, the single input channel 1 

detects that both DMRS ports 0 and 1 are at a certain power level. Using port 0 as the 

reference, the timing error of port 1 to port 0 is about 24 ns. In addition to TAE, this 

measurement can also report the power gap and phase gap between different DMRS ports.

Figure 5. An example of conducted time alignment error measurement 
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Unwanted emissions

Unwanted emissions are out-of-band and spurious emissions. The out-of-band emissions 

are the unwanted emissions immediately outside the channel bandwidth resulting from 

the modulation process and non-linearity in the transmitter but excluding spurious 

emissions. Spurious emissions are emissions caused by unwanted transmitter effects 

such as harmonics emission, parasitic emission, intermodulation products, and frequency 

conversion products, but exclude out-of-band emissions. 

The base station transmitter’s specified out-of-band emission requirements are ACLR 

and OBUE. These requirements target the emission impact to different frequency 

offsets. ACLR only focuses on the power leakage to its adjacent channels, while the 

OBUE covers the entire operating band as well as an offset at each side. 

ACLR Measurements

ACLR is the ratio of the filtered mean power centered on the assigned channel 

frequency to the filtered mean power centered on an adjacent channel frequency. The 

purpose of ACLR is to control the power leakage to adjacent channels under a certain 

level to reduce interference. The transmitted signal could be single or multicarrier, and 

the requirements we discuss here apply to both. 

Figure 6 shows a conducted single carrier example with four different adjacent channel 

offsets; offset A and B are for the LTE carrier type, and C and D are for the NR carrier. 

Figure 6 shows the three fundamental properties for defining the adjacent channel, 

frequency offset, integration bandwidth, and carrier type. 

Figure 7 is an example of conducted ACLR result using Keysight’s UXA signal analyzers 

and PathWave X-Series measurement applications. The base station is transmitting 

100 MHz test model 1.1 for FR1, and it’s a single carrier signal at a frequency of 3.5 GHz. 

Figure 6. A conducted single carrier example with four different adjacent channel offsets
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To measure the ACLR, both NR and evolved universal terrestrial radio access (E-UTRA) 

carrier types configuration are for the adjacent channels, resulting in four offsets in either 

the upper or lower side. 

The metrics table in Figure 7 displays the information for ACLR measurement, including 

total carrier power, frequency offsets, integration bandwidth for each offset, the measured 

ACLR, and the absolute power value. This measurement also provides the flexibility 

to customize the pass / fail criteria, representing only the ACLR, only absolute power, and 

ACLR and / or absolute power. Similar to other measurements, preset is also available for 

ACLR. Therefore, the instrument can automatically configure the adjacent channel offset, 

bandwidth, and limit, based on the frequency band, base station type,  class, and category.

Figure 7. An example of conducted lower ACLR measurement 

OBUE Measurements

OBUE measures the emissions close to the assigned channel bandwidth of the wanted 

signal while the transmitter is in operation. The defined unwanted emissions from the 

operating band measure the out-of-channel emissions over the whole base station 

transmitter operating band with an offset of ΔfOBUE on each side. These are the 

unwanted emissions resulting from the modulation process and non-linearity in the 

transmitter but excluding spurious emissions. 

The green trace in Figure 8 represents the limit mask for OBUE, which covers the 

frequency range from channel edge to ΔfOBUE outside the operating band. The entire 

mask consists of a few segments on each side. For example, the offset from the channel 

edge to the center of the measurement filter defines each segment’s start and stop points. 

Each segment defines two key properties. The first one is the basic limit, which means 

that unwanted emission within the segment must be under this limit, and the second one 

is the bandwidth of the measurement filter. The basic limit and measurement bandwidth 

changes with the test conditions, resulting in a series of masks for different frequency 
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bands, base station type, class, and category. This process corresponds to more than 

ten limit masks just for FR1. However, using an advanced preset enables the user to 

apply the wanted mask.

Figure 9 is a measurement example of two component carrier signals with the non-

contiguous spectrum in a conducted test setup, using Keysight’s UXA signal analyzers 

and PathWave X-Series measurement applications. This example refers to the 

measurement within the sub-block gap at 100 MHz; the measured trace displays in 

multiple segments, together with the blue line on the top that shows the limit mask 

within the sub-block gap. 

This result includes the cumulative region with a stop frequency of 10.5 MHz and also 

the non-cumulative region with a fixed limit value, consistent with the 3GPP required 

mask. The table in Figure 9 reports the worse point in each segment at both upper and 

lower sides, including the frequency location, power level, and delta to limit.

Figure 8. An example of conducted OBUE measurement

Figure 9. An example of cumulative mask for 100 MHz sub-block gap
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Spurious emission test verifies the spurious emissions are within the specified standard 

minimum requirements, under the limit from 9 kHz to 12.75 GHz, excluding the operating 

band plus ΔfOBUE at each edge. The frequency range should extend to the fifth harmonic 

of the operating band’s upper edge if it is higher than 12.75 GHz. This test measures 

spurious emissions while the transmitter is in operation. 

A key question is “how will the emission of 5G NR signal possibly impact the other 

systems that are out of the operating band?” Spurious emission measures the emissions 

across a much wider frequency range to ensure the emission level is under the limit. The 

measurement region includes two parts, the first part is from 9 kHz to ΔfOBUE below 

the operating band, and the second part is from ΔfOBUE above the operating band to 

12.75 GHz. For some operating bands, if the fifth harmonic of the upper frequency edge 

is higher than 12.75 GHz, the emission limit should also cover the fifth harmonic point. 

The fixed emission limit for category A base station is -13 dBm within the measurement 

bandwidth. The limit is -36 dBm below 1 GHz for category B and -30 dBm above 1 GHz. 

Also, the measurement bandwidth can vary from 1 kHz, 10 kHz, 100 kHz, to 1MHz, 

depending on the frequency location in the measurement region. 

Figure 10 is an example of band n78, where the frequency range is from 3.3 GHz to 

3.8 GHz, using Keysight’s UXA signal analyzers and PathWave X-Series measurement 

applications. According to the test requirement, the 1.1 signal transmits at the bottom 

channel to measure the frequency range below the band, while the top channel measures 

above the band. 

There are four ranges configured for measuring from 9 kHz to 3.26 GHz. The measured 

emission trace displays together with the limit line for the selected range. In Figure 10, 

the bottom table shows the top ten spurs detected for each frequency range, so the user 

can place a marker to the spur of interest to check its frequency and emission level.

Figure 10. An example of a conducted spurious emission measurement of band n78
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If all the measured points fall below the limit line, the spurious emission test passes. 

Otherwise, the failed spurs in the table display appear as a red “F.” Figure 11 shows a 

total of four frequency ranges for measuring below the operating band. Each one has a 

specific measurement bandwidth and assigned pass / fail limit. Ranges 5 and 6 measure 

above the operating band.

Intermodulation

The transmitter intermodulation requirement measures the transmitter capability to inhibit 

the generation of signals in its non-linear elements. The presence of the wanted signal 

and an interfering signal reaching the transmitter unit via the antenna, radio distribution 

network (RDN), and antenna array causes this result. The transmitter requirement applies 

during the transmit on and transient periods. For the test setup, use a circulator to input the 

interfering signal to the transmitter and then output the combined signal for measurement.

An interfering signal is a 5G NR signal with 15 KHz subcarrier spacing, a minimum 

bandwidth on the operating band, and a power level of 30 dB lower than the wanted 

signal. The three defined frequency offsets are for the interfering signal position, a single 

or a multicarrier signal, and within the sub-block gap for the non-contiguous spectrum. 

The frequency offset is relative to the channel edge or sub-block edge. Excluded from 

the test are interfering signal and wanted signal frequencies.

When an intermodulation product appears in a specific frequency range, it applies the 

frequency range to the corresponding emission limit of ACLR, OBUE, or spurious emission. 

You can reuse the limit masks for conducting intermodulation test. 

Figure 11. An example of spurious emission measurement for four ranges — 9k to 150 kHz, 
150k to 30 MHz, 30M to 1 GHz, 1G to 3.26GHz
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5G NR Release 16 Conformance Test Challenges 
As standards continue to evolve to include higher frequency ranges and wider channel 

bandwidths, users face new testing challenges and limitations. 5G NR can operate in 

frequency range 1 at 410 MHz to 7.125 GHz and frequency range 2 at 24.25 to 52.6 GHz. 

The lower frequency tests in FR1 are similar to 4G LTE tests. The test equipment required to 

test the FR2 range needs to cover wider frequencies and bandwidths. The requirements are 

up to 60 GHz for measuring spurious emissions and up to 1.6 GHz bandwidth to support 

interband carrier aggregation. 

According to conformance requirements, all FR2 device and base station tests, and some 

FR1 base station tests, are radiated. This process results in OTA testing, which introduces 

additional test challenges. Primary challenges include greater path loss and higher 

measurement uncertainties that make it difficult to achieve measurement accuracy. 

Pre-conformance and conformance tests also require a calibrated OTA test solution 

that covers all the requirements outlined in the 3GPP conformance documents. 

Whether you’re assessing transmitters, troubleshooting receivers, or analyzing OTA 

signals, flexibility in the hardware and software of your signal analyzer is very important 

to enable you to find the right solution for your needs.

Excessive path loss is one of the main challenges in higher frequencies such as (mmWave). 

The components designed for mmWave devices are compact and highly integrated, with no 

place to probe. Unlike traditional cabled tests, this results in the need for radiated or OTA 

tests, which introduce many new challenges, including path loss. Greater path loss and 

higher measurement uncertainties make it difficult to achieve measurement accuracy. 

A test solution for mmWave designs must have an adequate signal-to-noise ratio (SNR) 

to accurately detect and demodulate 5G signals. SNR is critical in the signal analyzer 

when testing transmitters to ensure accurate EVM and ACLR measurements. The 

excessive path loss at mmWave frequencies between instruments and devices under 

test (DUT) results in a lower SNR for signal analysis, making transmitter measurements, 

such as EVM, adjacent channel power (ACP), and spurious emissions, challenging. 

Figure 12 shows the impact of path loss on the EVM measurement for the identical setups 

for high- and low-input signal levels. As the input signal level decreases, the EVM value 

increases. Engineers typically reduce the attenuation of the signal analyzer to improve the 

SNR. However, even when the set input attenuation is 0 dB, the SNR may still be too 

low for accurate signal analysis. Minimizing any possible path loss is critical for mmWave 

testing.

https://www.keysight.com/us/en/assets/7121-1035/white-papers/Tackling-Millimeter-Wave-Signal-Analysis-Challenges.pdf
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Figure 12. An example of the impact of path loss on the EVM measurement

Another challenge in mmWave testing is the wideband noise, which increases the test 

complexity and measurement uncertainties. Even though mmWave can access higher 

frequencies, higher data rates, and wider bandwidths, it introduces more noise. The 

reason is that the transmit signal must compete with the channel’s noise floor to increase 

the receiver sensitivity. As bandwidth increases, a signal can travel over a channel faster 

so that the receiver can receive it. However, introducing more noise to the signal analyzer 

reduces its SNR, making mmWave measurements more complex.  

The frequency response is another major mmWave testing challenge. The goal of a test 

system is to characterize a DUT. A system must isolate the DUT’s measured results from 

the effects of all other segments. The frequency response of a test system comes from 

components like mixers, filters, and amplifiers between a signal analyzer and a DUT. 

These responses have different frequencies and include amplitude and phase errors.

Signal Analysis Solutions 
All wireless standards specify transmitter measurements at the maximum output power. 

Attenuating the input power level at the signal analyzer’s first mixer protects the analyzer 

from distortion caused by high-power input signals. The input signal level can be below 

the mixer’s optimal level when performing OTA tests. An integrated preamplifier can 

provide a lower noise figure but at the cost of a poorer intermodulation-distortion-to-

noise-floor dynamic range. 

Choosing the right input mixer level is a trade-off between distortion performance and 

noise sensitivity. Higher input mixer levels can improve SNR, and lower input mixer levels 

can help the distortion performance. You should use your measurement hardware, the 

input signal’s characteristics, and the test specifications to determine the best mixer 

level setting. You can optimize the input level by using an external low noise amplifier 

(LNA) at the mixer input.
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The Keysight N9042B UXA X-Series signal analyzer provides a built-in LNA and 

preamplifier for various test scenarios. Figure 13 shows how the two-stage gain balances 

noise and distortion for optimizing the best low-input-level measurement performance.

Figure 13. Optimizing the input mixer level with LNA and a preamplifier

This setup improves the EVM sensitivity by up to 5 dB compared to the previous UXA 

signal analyzer family, as shown in Figure 14 (left). Figure 14 (right) shows a 5G 

demodulation analysis example, in which turning on the LNA has improved the EVM from 

5.75% to 1.99%.

 

Figure 14. EVM improvement in the new N9042B UXA signal analyzer using LNA (left) with a comparison between the EVM 
measurements when LNA is off rather than to on (right)

https://www.keysight.com/us/en/product/N9042B/uxa-signal-analyzer-2-hz-50-ghz.html
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The path loss between the DUT and the signal analyzer must remain as low as possible 

in a mmWave test system. Cables, connectors, mixers, and fixtures between the analyzer 

and DUT can significantly affect the path loss and the SNR. Using an external mixer to 

increase the frequency is one of the most cost-effective ways to minimize path loss. With 

this approach, you can move the test port close to the DUT to shorten the mmWave 

signal path and improve SNR. 

Although an external mixer can be beneficial, its front end lacks a preselector. As a result, 

strong out-of-band signals may lead to unwanted images and reduce measurement 

accuracy. Keysight’s V3050A external frequency extender with an integrated preselector 

and RF switch has a seamless operation interface that integrates with the N9042B UXA 

X-Series signal analyzer. This solution enables a sweeping power spectrum from 2 Hz to 

110 GHz without managing band breaks and images.

Broadband measurements with higher frequencies and wider bandwidths introduce 

small margins for error, forcing RF engineers to seek new methods to reduce linear 

errors. You can see the real performance of the device by correcting for magnitude and 

phase errors in the measurement setup. The Keysight U9361 RCal receiver calibrator, 

when used with the X-Series signal analyzers, can help move the reference plane to the 

DUT for accurate and efficient calibration. You can calibrate the linear impairments in 

your test receiver system caused by fixtures, cables, and adapters in a compact and 

powerful device. Therefore, you can establish a calibration plane where the test receiver 

system physically connects to the DUT output. 

The Keysight N9032B PXA X-Series signal analyzer delivers the widest analysis bandwidth 

in its class with superior performance to satisfy your wide bandwidth requirements 

at lower frequencies. The N9032B signal analyzer offers up to 2 GHz of bandwidth 

(four times more than other units) for all 8.4, 13.6, and 26.5 GHz frequencies. With 

the same LNA and preamp as the UXA X-Series, this analyzer offers the best swept 

displayed average noise level (DANL) and the best EVM residuals and sensitivity. 

https://www.keysight.com/us/en/cmp/2020/signal-analyzer-calibration--made-easy.html
https://www.keysight.com/us/en/product/N9032B/pxa-signal-analyzer-2-hz-26-5-ghz.html
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The U9361 RCal calibrator compensates for path losses to improve accuracy by order 

of magnitude. This unit provides all the functionality of a standard 6U-high signal analyzer 

in a compact 4U-high form factor. The compact form factor makes it easy to replace 

legacy rack-mounted spectrum analyzers while significantly saving space. Figure 15 

shows a 3 to 7 dB improvement in the DANL because of the advanced front-end design. 

The N9032B PXA and N9042B UXA signal analyzers are by far the most advanced 

signal analysis products to fulfill the latest testing requirements for 5G NR base stations. 

These solutions perform up to 40% faster with the new CPU to help you quickly make 

computation-intensive measurements, such as demodulation and EVM. By pairing industry-

leading measurement software such as Keysight’s PathWave X-Series measurement 

applications, Keysight PathWave vector signal analysis software (89600 VSA), plus the RCal 

receiver calibrator, and the Keysight VXG signal generator you can get a complete solution 

to help you stay ahead of the ever-changing regulations.

Figure 15. A comparison between the N9032B DANL signal analyzer with the Keysight 
N9030B and N9040B signal analyzers

https://www.keysight.com/us/en/products/software/pathwave-test-software/89600-vsa-software.html
https://www.keysight.com/us/en/product/M9384B/vxg-microwave-signal-generator.html
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www.keysight.com/find/contactus

Conclusion
As standards continue to evolve, test solutions need to support higher frequencies, 

wider bandwidths, and new physical layer features. You must have access to appropriate 

equipment suited to your needs to meet new test and specification requirements. It is 

essential to consider how quickly your equipment can incorporate software releases to 

meet the latest test cases. 

In collaboration with market leaders in 3GPP specifications and test cases, Keysight 

works with device and base station original equipment manufacturers (OEMs) to bring 

industry-first designs to market. This insight ensures test tools are submitted at specific 

intervals for verification by certification bodies to ensure compliance.  

Keysight is a key provider of hardware and software solutions to help you keep up with 

the evolving regulations to help you be first to market. 

For more information, please visit:

https://www.keysight.com/us/en/products/spectrum-analyzers-signal-analyzers/x-
series-signal-analyzers.html

https://www.keysight.com/us/en/products/software/pathwave-test-software/x-series-
measurement-applications.html

https://www.keysight.com/us/en/products/software/pathwave-test-software/89600-
vsa-software.html

https://www.keysight.com/us/en/products/signal-generators-signal-sources.html

https://www.keysight.com/us/en/assets/7121-1035/white-papers/Tackling-Millimeter-
Wave-Signal-Analysis-Challenges.pdf


