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AT A GLANCE
The R&S®NRPM OTA power measurement solution is designed to calibrate the transmit antenna output
power and test the beamforming function over the air.
5G, WLAN IEEE 802.11ad, IEEE 802.11ay and automotive radar use higher carrier frequencies and higher signal bandwidths in order to achieve very high data rates.
This requires the use of phased array antennas in wireless devices and base stations. These antennas use
beamforming to control the direction of radiation of the
transmit antenna, thus maximizing the power level at the
receiver.
Free-space propagation loss and diffraction loss increase
when data is transmitted at high frequencies. To counteract these physical effects and nevertheless achieve the
desired data rates, beamforming is used to optimally direct
the phased array antenna beam.

Since this antenna (DUT) features high integration density and has no RF connectors, it is not possible to access
its transmit signal via cable. The DUT transmit power
is measured over the air during the production of wireless devices, base stations and RF modules. The antenna
beamforming performance must also be verified; this is
done using antennas that are spatially distributed.

The R&S®NRPM OTA power measurement solution is
ideal for these measurements. It supports the frequency
range from 18 GHz to 90 GHz, covering the 5G NR
frequency band, the 57 GHz to 66 GHz band defined for
WLAN IEEE 802.11ad and frequencies above 66 GHz for
WLAN IEEE 802.11ay. Furthermore, the automotive radar
range from 76 GHz to 81 GHz is covered.
The fully calibrated R&S®NRPM antenna modules, a Vivaldi
antenna with an integrated diode detector, measure the
power directly at the receive antenna. The number of
antenna modules can be selected to scale the system to
meet different test requirements. The economical base
configuration with one antenna module measures the
power of the incident wave from the DUT to the antenna
module. More antenna modules can be added to test the
beamforming function.
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R&S®NRPM OTA power measurement solution
with R&S®NRPM-A90D dual-polarized antenna
module for use with a shielded RF test box
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KEY FEATURES
A conventional setup for OTA power measurement
consists of many different components: horn antennas,
waveguide-to-coax adapters, RF cables and power
sensors. When all these components are joined together
in a measuring system, system properties such as the
lower test limit and measurement accuracy are affected by
mismatches, attenuation losses, reflections and frequencydependent antenna gain.
The R&S®NRPM OTA power measurement solution offers
considerable advantages compared with a conventional
setup, mainly due to the antenna module. For instance,
the antenna module consists of a low-reflection antenna
and a diode detector integrated directly on the antenna for
power measurement. Additional RF components and RF
cables are not needed. The antenna module is fully calibrated over the entire frequency and signal level range,
eliminating many potential problems for users. Unlike horn
antennas, which only cover a limited frequency range,
the antenna module is extremely wideband, allowing the
entire 5G spectrum e.g. from 24.5 GHz to 43.5 GHz to be
covered with just one setup.

Very high sensitivity
At high frequencies, OTA power measurements capture
very low power levels due to strong free-space propagation losses. The R&S®NRPM OTA power measurement
solution therefore uses a highly sensitive diode detector, which is integrated directly on the antenna, for power
measurement. An additional RF cable, which would further
attenuate the signal to be measured, is not necessary. The
R&S®NRPM-A90 and R&S®NRPM-A90D antenna modules
are therefore able to measure power down to –76 dBm.
For example, a DUT with a transmit power of –10 dBm can
be positioned at a distance of 1 m, and the received power
at the antenna module can still be d
 etermined precisely.

SOLUTION COMPONENTS
Fully calibrated system with specified system uncertainty
With conventional OTA measuring systems, a large part
of the measurement uncertainty stems from frequencydependent antenna gain and antenna pattern and from
the use of mismatched RF components. By measuring
power directly at the antenna, the R&S®NRPM OTA power
measurement solution avoids this problem because it does
not need any additional RF components. Moreover, the
antenna gain, the antenna pattern and the diode detector
are calibrated together. The phase center is also measured
precisely. This is the only possible way to specify the measurement accuracy for the entire system. Complicated
system calibration by the user is not necessary.
For more details, see also “Minimize measurement uncertainty for EIRP OTA measurements” application card
(PD 3608.2871.92).

Single-polarized antenna module
Components of the R&S®NRPM OTA power
measurement solution
►
►
►
►
►
►

R&S®NRPM-A90 single-polarized antenna module
R&S®NRPM-A90D dual-polarized antenna module
R&S®NRPM-ZD3 filtered cable feedthrough for
shielded RF test boxes
R&S®NRPM-Z3 interface module for benchtop
application
R&S®NRPM3 three-channel sensor module
R&S®NRPM3N three-channel LAN sensor module

Monitoring and operation can be performed by
connecting the R&S®NRPM3(N) sensor module to
a laptop/PC via R&S®NRP-ZKU USB interface cable
(available as accessories) or a PoE+ compliant LAN
switch respectively.

The R&S®NRPM-A90 is a low-reflection, single-polarized Vivaldi antenna with an integrated diode detector
for power measurements. The unique antenna module
measures the power directly at the antenna. There is no
need for extra RF cables. Unlike conventional systems,
there is no cable loss to be compensated between the
antenna and the power sensor. This significantly simplifies
measurements.
To ensure accurate transmit power measurements, the
frequency response of the antenna module is determined
during production, and the correction values are stored
in the antenna module. This data is used during measurements to correct the frequency response, making it possible to measure absolute power with high accuracy. The
power sensor’s high linearity even allows relative power to
be measured with an uncertainty of < 0.1 dB.

Low-reflection antenna module
Dual-polarized antenna module

The R&S®NRPM-A90 and R&S®NRPM-A90D antenna modules have a very low radar cross section, which is about
10 dB below the value of a horn antenna with comparable
gain. This makes them ideally suited for use in a shielded
environment, due to the virtual absence of reflections.

The R&S®NRPM-A90D consists of two low-reflection,
single-polarized Vivaldi antennas with an integrated diode
detector, precisely arranged at a right angle. The reference boresight is in the geometric center of the antenna
module. This allows measurement in both polarization
directions. Consisting of two antennas, this antenna module uses two separate measurement channels.

Industry standard production chambers are small spaces.
The R&S®NRPM-A90 and R&S®NRPM-A90D are designed
with this constraint in mind. Due to the extremely low
radar cross section, they are ideally suited to the short
measurement distances that exist in such chambers.

Filtered cable feedthrough
The R&S®NRPM-ZD3 filtered cable feedthrough combines
up to three antenna modules into one connector. From the
cable feedthrough, three independent antenna measurements are taken to the R&S®NRPM3(N) sensor module via
the R&S®NRPM-ZKD3 interface cable. The filtered cable
feedthrough was developed for use with a shielded RF test
box, e.g. R&S®TS7124.

Key facts
►
►
►
►
►
►
►
►

5G, WLAN IEEE 802.11ad, IEEE 802.11ay and
automotive radar
Frequency range from 18 GHz to 90 GHz
Ideal for beamforming tests
Fully calibrated antenna module with integrated diode
detector
Scalable to customer requirements
Fits perfectly into Rohde & Schwarz shielded RF test
boxes
Extremely fast RX list mode
WebGUI compatibility

Measured quantities
►
►
►
►
►

Equivalent isotropically received power PISO
in W or dBm
Power density S in W/m2
Electric field strength Eeff in V/m
Magnetic field strength Heff in A/m
Power at the internal RF detector in W or dBm

R&S®NRPM-A90 single-polarized antenna module

R&S®NRPM-A90D dual-polarized antenna module

R&S®NRPM-ZD3 filtered cable feedthrough for a
shielded RF test box
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Interface module for benchtop application

Scalable to user requirements

For operation without a shielded RF test box, an
R&S®NRPM-Z3 interface module is used. To avoid additional cables, the R&S®NRPM-Z3 is directly plugged onto
the R&S®NRPM3(N) three-channel sensor module and can
host up to three R&S®NRPM-A90 antenna modules.

The R&S®NRPM OTA power measurement solution is scalable and configurable, enabling customers to tailor their
setups as required for the test application and the DUT.
The system configuration depends on the required number
of antenna modules. Measurement results can be easily
queried and processed using remote commands.

Three-channel sensor module
The R&S®NRPM3(N) three-channel sensor module processes the measured values from up to three antenna
modules in three separate channels. If more than three
antenna modules are needed, more sensor modules can
be added. The R&S®NRPM3 is connected to a control
PC by means of an R&S®NRP-ZKU USB interface cable.
R&S®NRPM3N is connected to a control PC via LAN by
means of a PoE+ compliant LAN switch.

Measuring and monitoring with R&S®Power Viewer Plus
software

Built-in WebGUI with full power measurement support

The free-of-charge R&S®Power Viewer Plus software runs
on a laptop/PC and performs continuous average power
measurements or trace measurements for each antenna
module. The software supports up to four sensor modules
and displays the results for up to twelve R&S®NRPM-A90
or six R&S®NRPM-A90D antenna modules simultaneously.

Alternatively, using R&S®NRPM3N, the setup can be operated via a web interface. Using a PC connected to the
internet, the OTA power sensors can be controlled with
ease via a web browser – no additional software needs to
be installed.

Trace measurement with R&S®Power Viewer Plus

Test setup with three antenna modules

R&S®NRPM-Z3 three-channel interface module

R&S®NRPM3N three-channel LAN sensor module

R&S®NRPM-ZKD3

¸NRPM-ZD3
ﬁltered cable feedthrough

R&S®NRP-ZKU
or PoE+ compliant
LAN switch

¸NRPM3(N)
three-channel (LAN) sensor module

Monitoring PC

R&S®NRPM-Z3 interface module plugged onto the R&S®NRPM3 three-channel sensor module
¸NRPM-A90
single-polarized antenna modules
6
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Remote control and monitoring via LAN over any distance

Compact test setup with R&S®TS7124 shielded RF test box

The R&S®NRPM3N LAN sensor module is ideal for remote
monitoring applications, e.g. production sites where measurement setups in a test rack are remote-controlled from
a distance.

RX list mode

In a radiated power test setup, shielded boxes are
essential for reliable measurements. The R&S®NRPM OTA
power measurement solution in combination with the
R&S®TS7124 shielded RF test box delivers measurements
with a high degree of reproducibility in a very compact
setup, whether in the lab or in production.

Testing time is money in production environments. The
R&S®NRPM OTA solution can be configured to take measurements at up to 10 000 different frequency points in
extremely fast succession. Setup is quick and intuitive. The
required frequency points are configured in a list, loaded
into the sensor module and initiated with a synchronization trigger.

The antenna supporting ring inside the shielded RF test
box offers a high degree of flexibility to position and align
the antennas as required for a specific application. The
R&S®TS7124 can be integrated into a 19" rack. Its rugged
design ensures a long service life. Manual and automatic
versions of the R&S®TS7124 are available.

The frequency list is then processed at defined time
intervals. Synchronization between the DUT and the
R&S®NRPM OTA solution is established either via RF burst
detection or via an external trigger input.

TEST APPLICATIONS
General OTA power calibration

General OTA power calibration

The R&S®NRPM OTA power measurement solution in
its basic configuration with one R&S®NRPM-A90 single-
polarized antenna module or one R&S®NRPM-A90D dualpolarized antenna module measures power directly at the
receive antenna. This measurement can be used to calibrate the absolute transmit power of the DUT.

DUT

¸NRPM-A90/-A90D
antenna module

Flexible mounting and alignment options
In the R&S®TS7124, the antennas can be mounted and
positioned on an integrated antenna ring (half or full)
specifically designed for that purpose. Wall mounting
using an antenna holder is also possible.

System calibration for OTA receiver tests

System calibration for OTA receiver tests

Measurement system calibration

A 45° adapter for lateral antenna tilts additionally allows
flexible antenna alignment in a wide variety of directions.
All holders and adapters are made from nonreflective
material:
► R&S®TS-F24-AH1 half antenna ring, 1525.8887.02
► R&S®TS-F24-AR full antenna ring, 1525.8906.02
► R&S®TS-F24-AH2 antenna holder, 1525.8893.02
► R&S®TS-F2X-VH4 45° adapter, 1525.8758.02

¸SMB100A with ¸SMZ90

¸NRPM-A90/-A90D

To test the receiver of the DUT, it is necessary to know the
exact power at the DUT’s position. To calibrate this measurement setup, the R&S®NRPM-A90 antenna module is
positioned at the position of the DUT to calibrate the transmit power of the signal generator. The calibration is done
with an R&S®NRPM-A90/-A90D antenna module, which is
then replaced by the DUT. The exact receive power at the
DUT’s position is then known.

DUT veriﬁcation with calibrated power level

TX antenna gain calibration
DUT
¸SMB100A with ¸SMZ90

TX beamforming verification

When using phased array antennas, it is necessary to calibrate not only the antenna beam direction but also the
antenna gain. Both tasks are covered by measuring the TX
power with the R&S®NRPM-A90/-A90D antenna module
while adjusting the phased array antenna.

TX beamforming verification
Multiple R&S®NRPM-A90/-A90D antenna modules are
needed to test the beamforming function. If the antenna
beam is directed at a specific antenna module, this module shows the highest average power of all antennas.
Three antenna modules – arranged in a plane – are used
to verify whether steering of the antenna beam in the
horizontal plane functions properly. To additionally test the
vertical beamforming function, the R&S®NRPM-A90/
-A90D antenna modules must be arranged in at least two
horizontal planes.

DUT

¸NRPM-A90/-A90D
antenna modules

R&S®TS7124 shielded RF test box
8
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RECOMMENDED CONFIGURATIONS
Type

Designation

OTA power
calibration 1)

Order No.

TX beamforming verification
With 3 antenna
modules

With 4 antenna
modules

Single-polarized
Shielded chamber R&S®NRPM-A90

Specifications
R&S®NRPM-A90 single-polarized antenna
Frequency range
Power measurement range
(frequency dependent)

4

1

2

Rise/fall time

2.2 μs

R&S®NRPM-ZKD3 interface cable

1425.8770.02

1

1

2

Video bandwidth

220 kHz

R&S®NRPM3

USB sensor module

1425.8563.02

1

1

2

Measurement uncertainty

R&S®NRPM3N

LAN sensor module

1425.8592.02 3)

1

1

2

R&S®NRP-ZKU

USB power sensor cable, length: 1.5 m 1419.0658.03

1

1

2

R&S®NRPM-A90

single-polarized antenna module

1426.7760.xx 2)

1

3

4

R&S®NRPM-Z3

interface module

1426.7602.02

1

1

2

R&S®NRPM3

sensor module

1425.8563.02

1

1

2

R&S®NRPM3N

LAN sensor module

1425.8592.02 3)

1

1

2

R&S®NRP-ZKU

USB power sensor cable, length: 1.5 m 1419.0658.03

1

1

2

18 GHz to 24 GHz
> 24 GHz to 35 GHz
> 35 GHz to 57 GHz
> 57 GHz to 71 GHz

1426.7777.xx 2)

1

3

4

1425.8786.02

1

2

3

R&S®NRPM-ZKD3 interface cable

1425.8770.02

1

2

3

R&S®NRPM3

USB sensor module

1425.8563.02

1

2

3

R&S®NRPM3N

LAN sensor module

1425.8592.02 3)

1

2

3

R&S®NRPM-A90D dual-polarized antenna

R&S®NRP-ZKU

USB power sensor cable, length: 1.5 m 1419.0658.03

feedthrough module

> 71 GHz to 81 GHz
> 81 GHz to 90 GHz

1

2

3

Frequency range

R&S®NRPM-A90D dual-polarized antenna module

1426.7777.xx 2)

1

3

4

R&S®NRPM-Z3

interface module

1426.7602.02

1

2

3

Power measurement range
(frequency dependent)

R&S®NRPM3

USB sensor module

1425.8563.02

1

2

3

R&S®NRPM3N

LAN sensor module

1425.8592.02 3)

1

2

3

R&S®NRP-ZKU

USB power sensor cable, length: 1.5 m 1419.0658.03

1

2

3

OTA power calibration:
– System calibration for OTA receiver tests
– TX antenna gain calibration
Available with different cable lengths (see ordering information).
Possible alternative to R&S®NRPM3.

absolute

0.68 dB to 0.81 dB

relative

0.05 dB to 0.09 dB

absolute

0.49 dB to 0.66 dB

relative

0.05 dB to 0.09 dB

absolute

0.50 dB to 0.72 dB

relative

0.05 dB to 0.09 dB

absolute

0.58 dB to 0.83 dB

relative

0.05 dB to 0.09 dB

absolute

0.61 dB to 0.91 dB

relative

0.05 dB to 0.09 dB

absolute

0.69 dB to 0.97 dB

relative

0.05 dB to 0.09 dB
18 GHz to 90 GHz

continuous average

–76 dBm to –19 dBm

trace

–63 dBm to –19 dBm

Rise/fall time

2.2 μs

Video bandwidth

220 kHz

Measurement uncertainty (measurement distance: 1 m)

> 24 GHz to 35 GHz
> 35 GHz to 57 GHz
> 57 GHz to 71 GHz
> 71 GHz to 81 GHz
> 81 GHz to 90 GHz

10

–63 dBm to –19 dBm

3

1

18 GHz to 24 GHz

3)

trace

1

1425.8786.02

R&S®NRPM-ZD3

2)

–76 dBm to –19 dBm

1426.7760.xx

Shielded chamber R&S®NRPM-A90D dual-polarized antenna module

1)

continuous average

feedthrough module

2)

Dual-polarized

Benchtop

18 GHz to 90 GHz

single-polarized antenna module

R&S®NRPM-ZD3

Benchtop

SPECIFICATIONS

absolute

0.73 dB to 0.85 dB

relative

0.05 dB to 0.09 dB

absolute

0.55 dB to 0.71 dB

relative

0.05 dB to 0.09 dB

absolute

0.59 dB to 0.78 dB

relative

0.05 dB to 0.09 dB

absolute

0.68 dB to 0.90 dB

relative

0.05 dB to 0.09 dB

absolute

0.72 dB to 0.99 dB

relative

0.05 dB to 0.09 dB

absolute

0.87 dB to 1.10 dB

relative

0.05 dB to 0.09 dB
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ORDERING INFORMATION
Designation

FROM PRESALES TO S
 ERVICE.
AT YOUR DOORSTEP.

Type

Order No.

R&S®NRPM3

1425.8563.02

R&S®NRPM3N

1425.8592.02

The Rohde & Schwarz network in over 70 countries ensures optimum on-site support by
highly qualified experts.

Cable length: 0.55 m

1426.7760.02

Cable length: 0.75 m

1426.7760.03

Cable length: 1.00 m

1426.7760.04

Cable length: 1.50 m

1426.7760.05

User risks are reduced to a minimum at all project stages:
► Solution finding/purchase
► Technical startup/application development/integration
► Training
► Operation/calibration/repair

Three-channel USB sensor module, for R&S®NRPM-A90/-A90D
antenna modules
Three-channel LAN sensor module, for R&S®NRPM-A90/-A90D
antenna modules
Single-polarized antenna module, with integrated diode detector
from 18 GHz to 90 GHz

R&S®NRPM-A90

Dual-polarized antenna module, with integrated diode detector from
18 GHz to 90 GHz

R&S®NRPM-A90D

Cable length: 0.55 m

1426.7777.02

Cable length: 0.75 m

1426.7777.03

Cable length: 1.00 m

1426.7777.04

Cable length: 1.50 m

1426.7777.05

Accessories
Filtered cable feedthrough, for anechoic chamber
(e.g. R&S®TS7124 shielded RF test box)
Interface cable, connecting R&S®NRPM-ZD3 filtered cable feedthrough
with R&S®NRPM3 sensor module

R&S®NRPM-ZD3

1425.8786.02

R&S®NRPM-ZKD3

1436.2984.02

Interface module, for operation without anechoic chamber

R&S®NRPM-Z3

1426.7602.02

USB interface cable

R&S®NRP-ZKU

Cable length: 0.75 m

1419.0658.02

Cable length: 1.50 m

1419.0658.03

Cable length: 3.00 m

1419.0658.04

Cable length: 5.00 m
Six-pole interface cable

1419.0658.05
R&S®NRP-ZK6

Cable length: 1.50 m

1419.0664.02

Cable length: 3.00 m

1419.0664.03

Cable length: 5.00 m

1419.0664.04

Trigger cable to synchronize two R&S®NRPM3 sensor modules,
SMB to SMB, length: 0.75 m

R&S®NRPM-ZKT

1425.8857.02

Sensor hub

R&S®NRP-Z5

1146.7740.02

Finland
Norway
Sweden

United
Kingdom

Czech Republic

Belgium
France

R&S®DCV-2

Russian
Federation

Poland
Netherlands

Documentation
Documentation of calibration values

Estonia
Latvia
Lithuania

Denmark

0240.2193.06

Austria

Switzerland
Italy

Ukraine

Hungary
Slovenia Romania
Bulgaria

Serbia

Spain

Azerbaijan

Portugal

Greece

Turkey

Malta

Cyprus

Canada
Cologne
Portland

Warranty
R&S®NRPM3(N), R&S®NRPM-A90, R&S®NRPM-A90D

3 years

All other items

1 year

Los Angeles

Memmingen

R&S®WE1

Extended warranty, two years

R&S®WE2
R&S®CW1

Teisnach

Kazakhstan

Mongolia

Azerbaijan

Dallas

Beijing
Xi'an

Islamabad

Algeria

Chengdu

Pakistan
Monterrey

Egypt

Mexico
Mexico City

Extended warranty, one year

Extended warranty with calibration coverage, two years

Ottawa
Columbia/Maryland

USA

Options

Extended warranty with calibration coverage, one year

Toronto

Germany

Saudi
Arabia

UAE

Karachi
Oman

New Delhi

China

Please contact your local
Rohde & Schwarz sales office.

R&S®CW2

Lead service centers

Shenzhen

Mumbai
Hyderabad

Bangalore

Shanghai
Taipei
Taiwan
Kaohsiung
Hong
Kong

Guangzhou

India

Hanoi
Vietnam

Sales locations

Japan
Seoul
South
Daejeon Saitama
Korea
Tokyo
Gumi City Osaka

Thailand
Penang

Ho Chi
Minh City

Philippines

Malaysia

Selangor

Colombia

Singapore

Service centers

Indonesia
Brazil

Rio de Janeiro
São Paulo
Chile

Australia
South Africa

Uruguay
Sydney
Argentina

Melbourne
Canberra
New Zealand
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Rohde & Schwarz
Worldwide
Local and personalized
Customized and ﬂexible
Uncompromising quality
Long-term dependability

The Rohde & Schwarz technology group is among the trailblazers when it comes to paving the way for a safer and
connected world with its leading solutions in test & measurement, technology systems and n
 etworks & cybersecurity.
Founded more than 85 years ago, the group is a reliable
partner for industry and government customers around
the globe. The independent company is headquartered in
Munich, Germany and has an extensive sales and service
network with locations in more than 70 countries.
www.rohde-schwarz.com

Sustainable product design
►
►
►

Environmental compatibility and eco-footprint
Energy efficiency and low emissions
Longevity and optimized total cost of ownership

Certified Quality Management

ISO 9001

Certified Environmental Management

ISO 14001

Rohde & Schwarz training
www.training.rohde-schwarz.com

Rohde & Schwarz customer support
www.rohde-schwarz.com/support

3607468712

►
►
►
►
►

R&S® is a registered trademark of Rohde & Schwarz GmbH & Co. KG
Trade names are trademarks of the owners
PD 3607.4687.12 | Version 06.00 | November 2021 (ch)
R&S®NRPM Over-the-air (OTA) Power Measurement Solution
Data without tolerance limits is not binding | Subject to change
© 2017 - 2021 Rohde & Schwarz GmbH & Co. KG | 81671 Munich, Germany
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Service that adds value

